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Cover Story 


Sieve Tray Stability Factor Based on Efficiency Data 
Using a vast collection of experimental distillation-column data, sieve tray 
stability, and its influence on efficiency, are explored in terms of several 
physical and mechanical properties 


In the News 


Chementator 

Vanadium recovery from steel slag scales up; An integrated 
thermochemical process makes fuels from biomass; 
Fibrous catalyst support boosts yields and reduces coke 
buildup; Solar-powered water extraction from atmospheric 
air; Increasing recovery of metals from refractory mine 
tailings; Automated synthesis; Krill protein; and more 


Business News 

PPG starts up sealants manufacturing plant in Morocco; 
Mitsubishi Chemical to develop hydrothermal plastics- 
recycling plant; Lanxess’ Lubricants Additives business expands 
production capacity; and more 


Newsfront Electrochemistry Spreads its Wings 
New electrochemical processes are being developed to help CPI companies 
reduce their carbon footprint 


Technical and Practical 


Facts at your Fingertips Specification 
Considerations for Control Valves This one-page 
reference provides information on specifying control valves 


Technology Profile Production of Adipic Acid 
This one-page summary describes the industrial process for producing 
adipic acid, a six-carbon dicarboxylic acid, from cyclohexane 


Feature Report Part 1 Sequencing Batch Reactors 
for Water Treatment 

Sequencing batch reactors (SBRs) are a variation on the activated sludge 
process in wastewater treatment. This article provides an overview of SBRs, 
including their history, current use and future outlook 


Feature Report Part 2 Backwash Tuning for 
Reliable Sand Filter Operation Follow this practical guide to 
proven backwash-tuning techniques to improve reliability and robustness of 
sand filters in water treatment applications 
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Focus on Solids Handling 

This vibratory feeder is ideal for feeding fragile materials; Dosing system 
automatically meters powders into process; Accurate feeding and 
discharging in one device; Lump breaker enables re-use of scrap and waste; 
This bag discharger has a mobile conveyor and hopper; and more 


Show Preview Weftec 2021 
Weftec 2021 will be held in Chicago, Ill. from October 16-20. Included here is 
a small selection of products on display at the event 


New Products 

New durable forged heads for cone crushers; Vertical blenders for sanitary 
applications under vacuum; Improve turbine reliability with this oil-cleaning 
system; A pipe that combines corrosion resistance and durability; and more 
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Editor’s Page Nicholas Chopey Scholarship 
A rising senior chemical engineering student at Columbia University wins this 
year’s Nicholas Chopey Scholarship 
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Follow @ChemEngMag on Twitter 
Join the Chemical Engineering Magazine 


‘in| Linkedin Group 
Visit us on www.chemengonline.com for more 

© articles, Latest News, New Products, Webinars, Test 
your Knowledge Quizzes, Bookshelf and more 


For content related to COVID-19 and the CPI, visit 
A www.chemengonline.com/covid-19/ 


Coming in October 


Look for: Feature Reports on Maintenance & Reliability; an 
Environmental Manager article on Gas Detection; A Focus on Laboratory 
Equipment; A Facts at Your Fingertips on Pneumatic Conveying; a 
Newsfront on Bioprocessing; New Products; and much more 
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Editors Page 


2021 Nicholas Chopey Scholarship 


ince 2007, Chemical Engineering has bestowed an annual 
scholarship to a chemical engineering student, in order to 
bring recognition to the chemical engineering profession and 
to help advance that profession. The Chopey Scholarship for 
Chemical Engineering Excellence is named after Nicholas P. Chopey, 
the magazine’s former Editor-in-Chief who contributed greatly to 
Chemical Engineering for over 47 years of his professional career. 


The award winner Sajan Bar 
Congratulations to this years scholarship winner, R 
Sajan Bar, who is entering his senior year at Colum- 
bia University, and is studying chemical engineer- 
ing and education. During his freshman year, Bar 
won a material science REU (research experiences 
for undergraduates) scholarship and worked at 
the Sia Lab at Columbia University as a biomedi- 
cal researcher in microfluidics and point-of-care 
therapeutics. He continued working at the Sia Lab 
during his sophomore year, while also working as 
a preclinical development intern at Sigilon therapeutics. There, he 
worked on developing a biocompatible encapsulation device for cell 
therapies. This past summer, he worked at a life sciences consult- 
ing company, Trinity Life Sciences, where he developed a passion for 
strategic advisory and patient-centered projects. Bar is particularly 
interested in healthcare and biotechnology and he hopes to eventually 
apply his chemical engineering education to those industries with a 
patient-centered focus. 

Bar is also keenly interested in STEM (science, technology, engi- 
neering and mathematics) education. He tutors high school students 
in chemistry and algebra, and as a student consultant at Columbia’s 
Center for Teaching and Learning, he helps create resources for 
teachers to adjust to online learning. 


About the scholarship 

The scholarship is awarded to current third-year students who are 
enrolled in a fulltime undergraduate course of study in chemical engi- 
neering at one of the following four-year colleges or universities, which 
include Chopey’s alma mater and those of our editorial staff: Univer- 
sity of Buffalo, University of Kansas, Columbia University, University of 
Virginia, Rutgers University and the University of Oklahoma. 

The scholarship is a one-time award. The program utilizes stan- 
dard Scholarship America recipient selection procedures, including 
the consideration of past academic performance and future potential, 
leadership and participation in school and community activities, work 
experience, and statement of career and educational goals. 

More information about the award, including how to apply and how 
to contribute a donation, can be found at www.chemengonline.com/ 
npcscholarship 


In this issue 
This month’s issue includes our cover story on distillation, and two 
feature-length articles on water treatment, covering both sequenc- 
ing batch reactors and sand filtration operation. Our news story on 
electrochemistry focuses on new developments and the drive to re- 
duce carbon footprints. We hope you enjoy reading these articles and 
much more in these pages. E 
Dorothy Lozowski, Editorial Director 
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Vanadium recovery from steel sl 


hydrometallurgical process 

for recovering vanadium 

fom slag, a byproduct 

of steelmaking, has been *, 
significantly scaled up. Previously <= 
deployed at mini-pilot and bench 4 
scales, the process, developed by 
Neometals Ltd. (West Perth, Aus- 
tralia; www.neometals.com.au), 
has now been expanded by a fac- 
tor of 25, to process 14 tons of slag 
(corresponding to a throughput of 
around 25 kg/h) from three differ- 
ent steel mills operated by SSAB 
(Stockholm, Sweden; www.ssab. 
com). In this demonstration proj- 
ect, vanadium recovery rates ex- 
ceeded 75% at steady state, with 
over 99.5% vanadium pentoxide 
(V205) purity. This hydrometallurgi- 
cal approach has advantages over traditional, energy- 
intensive pyrometallurgical approaches to vanadium 
recovery, which involve incineration, smelting and high- 
temperature reactions. 

The process (diagram) begins with comminution of 
the slag, followed by multiple leaching steps using al- 
kaline carbonate process water, resulting in a solids 
residue that is filtered, repulped and washed to re- 
cover any additional soluble vanadium. The vanadium- 
bearing pregnant leach solution (PLS) is subsequently 
filtered and fed to an extraction unit, which employs 
a vanadium-selective solvent to yield an alkaline va- 
nadium solution, followed by scrubbing and strip- 
ping. The strip solution was shown to be suitable for 
conventional V205 downstream processing, including 
desilication, precipitation and calcination. Notably, in 
the demonstration project with SSAB, the resulting 
strip solution showed a higher-than-expected vana- 
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dium concentration, which means that upon further 
scaleup, the overall process footprint, as well as 
chemical consumption and waste production, can be 
reduced, leading to lower costs. Neometals also notes 
that the washed leach residue could potentially be a 
salable byproduct for use with concrete or other build- 
ing materials. 

With pilot-scale performance confirmed, Neomet- 
als now anticipates further scaleup to eventually pro- 
cess 200,000 ton/yr of slag in the multistage circuit. 
At commercial scale, Neometals plans to regenerate 
the carbonate in the leach circuit using CO» captured 
from emissions sources, enabling the process to op- 
erate with extremely low atmospheric emissions. Last 
year, the company signed an agreement with Critical 
Minerals Ltd. to study the feasibility of building a com- 
mercial-scale vanadium-recovery facility in the Port of 
Pori, Finland. 
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High-pressure fermentation for optimizing CO, utilization 


iological processes can be used for the con- 
version of greenhouse gases into added-value 
chemicals. With a new, unique high-pressure 
(up to 10 bars) fermenter, the Flemish Institute 
for Technology Research (VITO; Mol, Belgium; www.vito. 
be) is researching how these processes can be optimized. 
The custom-made bioreactor, which was installed a 
year ago as part of the BioRECO2VER project (www. 
bioreco2ver.eu), is equipped with all relevant peripheral 
equipment to be able to measure and control the fer- 
mentation of CO», and hydrogen, or oxygen, methane 
or synthesis gas (Syngas; hydrogen and carbon mon- 
oxide), which are metabolized by specialized bacteria 
into useful chemicals. The microbiological conversion 
takes place in the liquid phase, while the reagents are 
injected in a gaseous state. Operating at higher pres- 
sure increases the solubility of the gases, thereby in- 
creasing the rate of fermentation. 


CH 


EMICAL ENGINEERING WWW.CH 


EMENGONLINE.COM SEPT 


To overcome several of the existing technical and 
economic barriers for CO» conversion by industrial 
biotechnology, VITO focuses, with the new installa- 
tion, on maximizing gas transfer in bioreactors and 
improving scalability, as well as studying the influence 
of various parameters, such as pressure, temperature 
and composition and dosage of the gas phase on 
fermentation. The high-pressure fermenter also has a 
membrane-filtration unit to retain the micro-organisms 
in the reactor. 

BioRECO2VER is a consortium of twelve companies, 
research institutions and universities investigating the 
technical feasibility of energy-efficient and sustainable 
biochemical conversion of COs — from industrial point 
sources like refineries and cement production plants — 
into chemical building blocks, such as isobutene and lac- 
tate. The project is funded under the European Union’s 
Horizon 2020 research and innovation program. 
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AUTOMATED SYNTHESIS An integrated thermochemical process makes 


advanced biofuels from biomass 


One of the most modern in- 
frastructures for automated 
process control in chemistry is 
being built by the Karlsruhe In- 
stitute of Technology (KIT; www. 
kit.edu) together with BASF 
SE (Ludwigshafen, Germany; 
www.basf.com). The facility 
will initially produce new sub- 
stances in parallel for applica- 
tions in fields ranging from biol- 
ogy to materials science. In the 
longterm, the facility willalso en- 
able a high-throughput process 
for chemical reactions. KIT is 
investing about €4 million in this 
project. The facility is located in 
the Karlsruhe Nano Micro Facil- 
ity (KNMFi) and is open to inter- 
nal and external scientists. As a 
strategic partner, BASF will run 
projects in the facility to identify 
for example new active ingredi- 
ents for agriculture. 

“Such synthesis plants allow 
chemical reactions to be car- 
ried out in a reproducible and 
standardized manner thanks to 
automated processes without 
exposing humans to chemi- 
cals,” explains professor Stefan 
Brase, director at KIT’s Institute 
of Biological and Chemical 
Systems (IBCS). “In addition, 
automated processes increase 
the throughput of reactions and 
thus the efficiency of research 
projects. This leads to new find- 
ings more quickly.” 

Initially, the synthesis plant will 
be geared to projects in organic 
synthetic chemistry. It will pro- 
duce small organic molecules 
on a scale of around 10 mg to 
several hundred milligrams, for 
example for chemical interme- 
diates or active pharmaceutical 
ingredients. In the future, how- 
ever, the facility will also be able 
to be used flexibly and carry 
out reactions on a small scale 
so that researchers can investi- 
gate many reactions simultane- 
ously in a parallelized process. 


GRAPHENE FOAM 


A research team led by Ju Li, 
the Battelle Energy Alliance 
Professor of Nuclear Science 
and Engineering and professor 
of materials science and engi- 
neering at the Massachusetts 
Institute of Technology (MIT; 
Cambridge, Mass.; www.mit. 
edu) has devised a highly ef- 
ficient method for removing 
uranium from drinking water. 


(Continues on p. 8) 
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ionext and its partners — a consor- 

tium of six industrial companies — 

have successfully completed the test 

program on BioTfueL demonstration 
units, setting the stage for commercialization 
of the thermochemical process that makes 
low-carbon-footprint sustainable aviation fuel 
(SAF) and other products. The BioTfueL pro- 
cess (diagram) consists of four steps: pre- 
treatment, gasification, synthesis gas (syngas) 
conditioning and Fischer-Tropsch (F-T) syn- 
thesis and upgrading. 

Pretreatment consists of a drying and tor- 
refaction process (around 300°C and almost 
atmospheric pressure), followed by a grind- 
ing into a powder, explains Rodrigo Teix- 
eira-Pinto, BioTfuel technologist at Axens 
Solutions (Rueil Malmaison, France; www. 
axens-solutions.net). Torrefaction increases 
the energy density and the storage stability 
of the biomass, while enabling the process to 
homogenize different types of biomass before 
gasification, he says. 

In the second step, the biomass powder 
is fed to the Uhde entrained-flow gasifica- 
tion process with Direct Quench (PDQ) — 
a high-temperature (1,200-1,600°C) and 
high-pressure (up to 40 barg) partial oxida- 
tion process that converts carbonaceous 
material into a tar-free syngas. The Ho-to- 
CO ratio is then adjusted via a water-gas- 
shift reaction, followed by acid-gas removal 
and further purification to remove any cata- 
lyst poisons. The conditioned syngas then 
undergoes F-T synthesis in a three-phase 
slurry bubble column (SBC), which allows 
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“perfect control of the highly exothermicity 
and optimal homogeneity of the reaction,” 
says Teixeira-Pinto. F-T products are then 
upgraded to advanced biofuels, such as 
synthetic aviation fuel (SAF) and renewable 
diesel, but also renewable naphtha (for pos- 
sible blending in gasoline pool). “The BioT- 
fueL chain can generate some high-value 
co-products, such as biogas, ‘green’ power 
and biogenic COs, which makes this tech- 
nology a BioEnergy Hub,” he says. 

The semi-industrial-scale demonstration 
units are located at Avril’s Venette site in 
northern France (for torrefaction), and at To- 
talEnergies’ Etablissement des Flandres near 
Dunkirk in northern France (for gasification, 
syngas conditioning and F-T synthesis). Four 
different types of lignocellulosic biomass were 
studied after almost 3,000 h of operation. The 
demonstration plants process up to 3 ton/h of 
biomass (dry basis). 

The partners are working on the industri- 
alization of the BioTfueL technology with a 
view to its commercialization in early 2022. 
Bionext will actively promote the develop- 
ment of the technology through licensing 
and basic engineering packages commer- 
cialized by Axens. The BioTfueL project was 
launched in 2010 and is driven by Bionext, 
which coordinates the expertise brought by 
its six partners and shareholders: research 
organizations (IFP Energies nouvelles and 
the CEA), technology providers (Axens, Thys- 
senkrupp Industrial Solutions) and industrial 
players (Avril, TotalEnergies). Axens will be 
the market facing arm of the consortium. 
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Cost-efficient, on-purpose 1,5-PDO from 


bio-based starting material 
onstruction is underway on a demonstration 
plant for manufacturing 1,5-pentanediol (1,5- 
PDO) from bio-based furfural, a platform chemi- 
cal that can be derived from plant-based hemi- 
cellulose sugars. The process under construction by the 
company Pyran Inc. (Madison, Wis.; www.pyranco.com) 
offers a lower-cost (by 40% below today’s market price, 
the company says) route to 1,5-PDO than that of the pe- 
troleum-derived 1,5-PDO analog. Additionally, it can be 
produced on purpose, rather than being obtained only 
as a byproduct of other processes, explains technology 
developer and Pyran co-founder Kevin Barnett. 
“a,w-diols are expensive to produce from petroleum 
feedstocks because they require a number of complex 
separations, selective oxidations and reductions,” says 
Barnett. “And 1,5-PDO is even more difficult because C5 
petroleum feedstocks are not readily available in large 
quantities. That’s what makes the bio-based approaches 
attractive,” he says 
Pyran engineers developed a novel route to 1,5-PDO 
that lowers catalyst costs by almost 50 times compared 
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vr KE = 
1 
1 Hoon 
“his N = 1,5-Pentanediol 1 


(1,5-P00) 1 
< 


to alternative bio-based 1,5-PDO processes, and low- 
ers operating costs by seven times, despite having more 
reaction steps. 

The process begins with the hydrogenation of furfural 
to make tetrahydrofurfuryl alcohol, which is converted to 
dihydropyran, a heterocyclic ring compound with a C=C 
double bond. The double bond is then hydrated to form 
2-hydroxytetrahydropyran (2-HY-THP; figure). The 2-HY- 
THP undergoes a ring-opening tautomerization that 
forms an aldehyde (5-hydroxyvaleraldehyde) that can be 
hydrogenated over a specially adapted noble-metal cata- 
lyst to produce the 1,5-PDO in high yields. 

The 1,5-PDO demonstration plant is currently being 
built in the Houston area as a toll-manufacturing opera- 
tion, and will supply ton quantities of bio-based 1,5-PDO 
for customer qualification testing. The plant is expected 
to begin production in autumn 2021. 

1,5-PDO is widely used in the coatings and adhesives 
segment. “Customers of 1,5-pentanediol have been re- 
stricted from using the performance-enhancing product 
because of cost, and petroleum-based capacity is con- 

strained by co-product limitations,” says Mel Luetkens, 
who recently joined Pyran as CEO. “Pyran’s renewable, 
on-purpose production will enable customers to expand 
their businesses with better-performing and more sus- 
tainable products.” 


For details visit adlinks.chemengonline.com/80073-03 
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Applying an electric charge to graphene oxide 
foam, the researchers can capture uranium 
in solution, which precipitates out as a con- 
densed solid crystal. The foam may be reused 
up to seven times without losing its electro- 
chemical properties. “Within hours, our pro- 
cess can purify a large quantity of drinking 
water below the EPA [U.S. Environmental 
Protection Agency] limit for uranium,” says Li. 

The research is described in a recent article 
in Advanced Materials. Researchers from Ar- 
gonne National Laboratory, Taiwan’s National 
Chiao Tung University, and the University of 
Tokyo also participated in the research. 


OPTIMIZATION 


Imubit (Houston; www.lmubit.com) has 
raised $50 million to bring its Closed-Loop 
Neural Networks to every process manufac- 
turing plant around the globe. The company's 
Closed Loop Neural Network platform is an 
artificial intelligence (Al) process optimization 
solution that enables hydrocarbon process- 
ing plant operators to discover, engineer and 
monetize process optimization opportunities 
considered impossible until now. Powered by 
its patent-pending Deep Learning Process 
Control technology, Imubit’s solution allows 
the plant to continuously execute its most 
profitable operational strategies. 


KRILL PROTEIN 


On behalf of Aker BioMarine (Oslo, Norway; 
www.akerbiomarine.com), GEA AG (Dussel- 
dorf, Germany; www.gea.com) will design and 
deliverthe world’s first pilot plant for hydrolyzing 
krill protein. Aker BioMarine fishes for Antarc- 
tic krill — tiny shrimp-like crustaceans — and 
uses them to develop ingredients for functional 
foods, aquaculture and animal feed. Slated to 
come online in late 2022, the new pilot plant will 
produce a highly concentrated protein isolate 
destined for food and beverages. The partners 
signed the engineering, procurement and con- 


(Continues on p. 9) 


Fibrous catalyst support boosts yields and 


reduces coke buildup 


Unifrax 


new fibrous catalyst-support 

material can enhance a wide 

range of industrial catalytic 

reactions, allowing higher 
yields and reduced coke buildup 
compared to pellet supports. Unifrax 
(Tonawanda, N.Y.; www.unifrax.com) 
leveraged its expertise in ceramic 
materials to develop the high-alu- 
mina fiber catalyst support (photo) 
that can accommodate several dif- 
ferent types of catalyst payloads, the 
company says. 

“The fiber support has a_ highly 
defined microstructure and poros- 
ity, which generates higher spe- 
cific surface area and more tortuous 
pathways. This promotes increased 
interactions between the feedstock 
molecules and the catalyst active 
sites, which are coated onto the fiber 
material,” explains Ashley Cuthbert- 
son, director of platforms program 
management at Unifrax. 

The company developed a propri- 


etary process for coating different 
catalytic metals onto the fibrous 
surface in a way that prevents the 
metals from migrating when in use. 
Unifrax has also developed a way 
to customize the support for differ- 
ent processes. “Individual reactors 
often require customized product 
forms for the catalyst and sup- 
port,” comments Kevin Siters, Fl- 
exCat technical lead with Unifrax. 
“Our FlexCat product forms are 

custom-designed for each system, 
taking into account pressure drop, 
flowrates and reaction residence time; 
and when coupled with an optimized 
catalyst formulation they are loaded 
modularly into the reactor.” 

In recently completed testing at 
high-throughput testing company hte 
GmbH, the fiber-supported catalyst 
was shown to increase product out- 
put by 20% compared to the conven- 
tional substrate in a model propane 
dehydrogenation reaction, while also 
generating 50% less side products 
per cycle. Another advantage of the 
fibrous catalyst support is its light 
weight — one-tenth the weight of 
conventional supports — which al- 
lows faster loading and unloading and 
less downtime, Siters points out. 

Unifrax has partnered with various 
catalyst makers to deliver process- 
ready products, on which a number of 
users are currently conducting com- 
mercial validation testing. 


Increasing recovery of metals from refractory mine tailings 


nviroGold Global Ltd. (Toronto, Ont., Canada; www. 

envirogoldglobal.com) has filed a patent application 

for a proprietary electrochemical process designed 

to achieve advanced metal recoveries from refractory 
ores with reduced capital expenditures (capex) compared to 
industry standard solutions. 

“The residual metals contained in tailings are commonly 
encapsulated in refractory ores, and it is estimated that 
the value of precious metals currently locked up in tailings 
storage facilities and old mine sites exceeds $1 trillion, in- 
creasing by $20 billion/yr,” says Mark Thorpe, EnviroGold 
Global’s CEO. “Further, as the proportion of refractory 
gold reserves continues to increase globally, we believe 
the ability to achieve advanced metal-recovery rates and 
attractive economics from the processing of refractory 
ores provides better environmental outcomes, expands 
the company’s addressable market and creates an en- 
during, competitive advantage.” 


8 


“Refractory ores resist conventional metal extraction due 
to an impervious mineral matrix surrounding super-fine 
metal particles,” explains chief technology officer Brock Hill. 
“The complex processes required to significantly improve 
extraction from these ores can drive substantial increases in 
a project’s capex and opex (operating expenditures), often 
rendering otherwise attractive resource recovery oppor- 
tunities uneconomic. EnviroGold Global's patent-pending 
process is designed with advanced electrochemical tech- 
nology to induce changes in the metal-bearing matrix and 
achieve superior metal-recovery rates,” he says. 

This process, in conjunction with other proprietary so- 
lutions developed for the removal of environmental con- 
taminants, including cyanide, allows EnviroGold Global 
to provide a compelling value proposition for mine site 
owners while reclaiming and recharging natural re- 
sources, the company says. (For more on electrochem- 
istry, see the Newsfront on pp.12-16.) 
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Solar-powered water extraction from 


atmospheric air 
first-of-its-kind pilot project in Abu 
Dhabi is integrating large-scale at- 
mospheric water generation (AWG) 
with solar-thermal energy storage to 
enable carbon-free production of water. Led 
by partners Aquovum LLC (Dover, Del.; www. 
aqvglobal.com), Masdar Clean Energy (www. 
masdar.ae) and Khalifa University of Science 
and Technology (both Abu Dhabi, U.A.E.; 
www.ku.ac.ae), the project will couple Aquo- 
vum’s dehumidification-based AWG technol- 
ogy with molten-aluminum, thermal energy- 
storage technology developed by Azelio AB 
(Gothenburg, Sweden; www.azelio.com). The 
project will run for 12 months and is antici- 
pated to produce an average of 10,000 L/d of 
water using only renewable energy and air. 
AWG technology employs a cooling-con- 
denser concept wherein warm air is drawn 
into the system and the air’s moisture con- 
denses onto coils that contain a compressed 
refrigerant. From there, the water is collected 
and purified for a variety of potential end uses. 
“The average air conditioner expends 65% of 
its energy on cooling and 35% on removing 
water, but in our dehumidification platform, 
we're using 65% of the energy to remove 


water from the environment and just 35% to 
cool the coils,” says Robert Wood, Aquovum 
founder and chief technology officer. He attri- 
butes this efficiency to the system’s novel ap- 
proaches to airflow and coil configuration. “We 
are essentially looping the airflow through the 
system in a manner that allows us the high- 
est possible extraction of water. Because of 
this crossflow circulation mechanism, we can 
condense more of the water through the ma- 
chine,” he explains. 

Furthermore, instead of using conventional 
single-coil cooling, Aquovum utilizes a multi- 
coil array that increases the cooling surface 
area available for airflow and condensation, as 
well as a special method for cooling and drying 
the coils that prevents the buildup of bacteria 
and other types of biological contaminants. 
Aquovum’s system also comprises smaller 
compressor units operating in parallel to im- 
prove reliability. 

Following this demonstration project, Wood 
envisions that such AWG systems could be 
integrated into modular units with energy- 
storage and water-purification capabilities for 
installation in a wide variety of end markets, in- 
cluding agriculture, mining and oil and gas. W 


struction contract val- 
ued in the double-digit 
million euro range in July. 

GEA has been tasked 
with designing all tech- 
nical processes in the 
krill protein-hydrolysis 
pilot plant, as well as 
supplying and integrat- 
ing the machinery and 
components. 

Aker BioMarine has 
developed a produc- 
tion process that con- 
verts protein flour into 
high-quality protein 
hydrolysate powder 
for human consump- 
tion. In commissioning 
the pilot plant, which 
will expand production 
from the current lab- 
oratory-based opera- 
tion into a scalable, in- 
dustrial process with a 
capacity of 120 ton/yr. 

Aker BioMarine will 
develop and sell com- 
mercial products and 
create new market 
opportunities. oO 
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Plant Watch 

PPG starts up sealants 

manufacturing plant in Morocco 

August 13, 2021 — PPG Industries, Inc. 
(Pittsburgh, Pa.; www.ppg.com) started up 
a facility in Tangier, Morocco that will produce 
automotive sealants for local vehicle production. 
The plant marks the company’s first automotive- 
coatings production facility in Africa. 


Mitsubishi Chemical to develop 
hydrothermal plastics-recycling plant 
August 12, 2021 — Mitsubishi Chemical Corp. 
(MCC; Tokyo; www.m-chemical.co.jp) plans 
to develop a new plant that will employ Mura 
Technology’s hydrothermal plastic-recycling 
solution (HydroPRS). The plant will be based at 
MCC’s Ibaraki Plant in Japan, and is expected 
to complete construction in 20238. It will have 
the capacity to handle 20,000 metric tons per 
year (m.t./yr) of plastic waste. 


Lanxess’ Lubricants Additives business 
expands production capacity 

August 10, 2021 — The Lubricants Additives 
Business of Lanxess AG (Cologne, Germany; 
www.lanxess.com) is expanding its production 
capacity for light-color sulfur carriers (Sold under 
the brand-name Additin EP) at its Mannheim, 
Germany site by several thousand tons. The 
additional volumes are expected to be available 
beginning in 2023. Additin EP products are 
primarily based on rapeseed oil and its ester 
derivatives, and can replace other chemical 
substances, such as medium-chain chlorinated 
paraffins, in metalworking lubrication. 


Reliance Industries to double 

PET recycling capacity 

August 5, 2021 — Reliance Industries Ltd. 
(RIL; Mumbai, India; www.ril.com) is doubling 
its polyethylene terephthalate (PET) recycling 
capacity by setting up a recycled polyester 
staple-filber (PSF) manufacturing facility in Andhra 
Pradesh, India. This initiative will increase RIL’s 
recycling capacity to 5 billion post-consumer 
PET bottles. 


Air Liquide and Siemens to build 
world-scale PEM electrolyzer in Germany 
August 4, 2021 — Air Liquide S.A. (Paris, 
France; www.airliquide.com) and Siemens 
Energy AG (Munich, Germany; www.siemens- 
energy.com) are partnering to build a 20-MW 
proton-exchange membrane (PEM) electrolyzer 
plant that will produce renewable hydrogen 
and renewable oxygen. The plant is slated to 
start up in early 2023. The electrolysis plant will 
be located in Oberhausen, Germany, and will 
be integrated into the existing local pipeline 
infrastructure of Air Liquide to supply several 
key industries with renewable hydrogen. Ina 
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second phase, Air Liquide plans to increase 
electrolyzer capacity to 30 MW. 


Haltermann Carless to become the 
world’s largest cyclopentane producer 
August 4, 2021 — Haltermann Carless (Frankfurt 
am Main, Germany; www.haltermann-carless. 
com) will become the world’s largest producer of 
cyclopentane and cyclopentane blends following 
the completion of a new hydrogenation plant 
at its Speyer site in Germany. The company 
anticipates to increase its production capacity 
of cyclopentane by up to 70% by the first 
quarter of 2022. 


Mergers & Acquisitions 

Indorama to acquire 

Oxiteno for $1.3 billion 

August 16, 2021 — Indorama Ventures Ltd. (IVL; 
Bangkok, Thailand; www.indoramaventures. 
com) has announced plans to acquire a 100% 
equity stake in Oxiteno S.A. — Industria e 
Comercio (Sao Paulo, Brazil; www.oxiteno.com) 
and its affiliates for a total consideration of $1.3 
billion. Oxiteno is a surfactants producer that 
operates 11 manufacturing plants producing 
a total of 440,000 m.t./yr of ethylene oxide 
(EO), along with various intermediates and 
downstream derivatives. 


Ineos completes sale of Sulphur 
Chemicals business 

Ineos Enterprises (London, U.K.; www.ineos. 
com) completed the sale of its Sulphur Chemicals 
business to International Chemical Investors 
Group. Ineos’ Sulphur Chemicals business is 
Spain’s largest manufacturer of sulfuric acid 
and oleum. Its 400,000-m.t./yr manufacturing 
facility is located in Bilbao, Northern Spain. 
The business will become part of WeylChem’s 
advanced intermediates and reagents portfolio, 
which includes an existing sulfuric acid and 
oleum plant located in Lamotte, France. 


FLSmidth acquires thyssenkrupp’s Mining 
business for €325 million 

August 6, 2021 — FLSmidth A/S (Copenhagen, 
Denmark; www.flsmidth.com) agreed to acquire 
TK Mining, the mining business of thyssenkrupp 
Industrial Solutions AG (Essen, Germany; www. 
thyssenkrupp-industrial-solutions.com), for 
a total enterprise value of €325 million. TK 
Mining is a supplier of solutions for mining 
systems, material handling, mineral processing 
and services, with a presence in 24 countries. 


Westlake Chemical to acquire recycled- 
materials producer Dimex 

August 5, 2021 — Westlake Chemical Corp. 
(Houston; www.westlake.com) announced that 
one of its subsidiaries will acquire the parent 
company of Dimex LLC, from Grey Mountain 
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Partners, a private equity firm. Based 
in Marietta, Ohio, Dimex produces a 
variety of consumer products made 
from post-industrial-recycled (PIR) 
polyvinyl chloride (PVC), polyethylene 
(PE) and thermoplastic elastomer 
(TPE) materials. 


Eni and BASF collaborate to 
produce bio-based propanol 
August 4, 2021 — EniS.p.A. (Rome, 
Italy; www.eni.com) and BASF SE 
(Ludwigshafen, Germany; www. 
basf.com) have signed a strategic 
agreement on a joint research and 
development initiative to develop a 
new technology to produce advanced 
bio-based propanol from glycerin, 
a sidestream of the production of 
industrial biodiesel. 


Yara to sell Brazil phosphate 
project to EuroChem 

August 4, 2021 — Yara International 
ASA (Oslo, Norway; www.yara.com) has 
signed an agreement with Eurochem 
Group AG (Zug, Switzerland; www. 
eurochem.com) to sell its Salitre 
phosphate mining project in Brazil 


for a cash consideration of $410 
million. Yara’s Salitre assets comprise 
phosphate mining operations, 
including a tailing dam, with an annual 
production capacity of approximately 
1,200,000 m.t./yr of phosphate rock 
and an ongoing project to construct 
phosphate processing operations with 
a projected production capacity of 
1,000,000 m.t./yr at completion. 


HollyFrontier to combine with 
Sinclair Oil, forming new company 
August 4, 2021 — HollyFrontier Corp. 
(Dallas, Tex.; www.hollyfrontier.com) 
will acquire Sinclair Oil Corp. (Salt 
Lake City, Utah; www.sinclairoil.com) 
and Sinclair Transportation Co. from 
parent company Sinclair Companies. 
Under the agreement, HollyFrontier 
will acquire Sinclair’s renewable-diesel 
business and two petroleum refineries, 
as well as all marketing and commercial 
activities. As part of the transaction, 
HollyFrontier will form a new parent 
company, named HF Sinclair Corp., 
which will replace HollyFrontier as the 
public company trading on the New 
York Stock Exchange. 


Haldor Topsoe and Yanchang form 
JV for methanol-catalyst plant 

July 28, 2021 — Haldor Topsoe A/S 
(Lyngby, Denmark; www.topsoe.com) 
and Shaanxi Yanchang Petroleum Group 
(Yanchang) formed a joint venture 
(JV) to produce methanol-synthesis 
catalysts for the Chinese market. 
Together, the two companies have 
designed a production plant, which 
they intend to construct in Shaanxi 
Fupin, China, to produce methanol- 
synthesis catalysts. Plant startup is 
anticipated in early 2022. 


Chemours sells Mining Solutions 
business for $520 million 
July 27, 2021 — The Chemours Co. 
(Wilmington, Del.; www.chemours.com) 
has entered into a definitive agreement 
to sell its Mining Solutions business 
for $520 million to Draslovka Holding 
a.s., a Czech-based private company 
specializing in cyanide production. 
The transaction is expected to close 
in the fourth quarter of 2021 subject 
to regulatory approvals and other 
customary closing conditions. 5 
Mary Page Bailey 


For details visit adlinks.chemengonline.com/80073-05 
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Newsfront 


Electrochemistry 
Spreads its Wings 


New electrochemical processes are being developed to help CPI companies reduce their 


carbon footprint 


or over a century, electro- 

chemistry has played a crucial 

role in the chemical process 

industries (CPI), and many 
chemicals are still produced using tra- 
ditional electrochemical processes, 
such as chlorine and caustic (chlor- 
alkali process), aluminum metal (Hall- 
Hérout process) and more (Chem. 
Eng., December 2014, pp. 17-22). 
More recently, there has been a re- 
newed interest in water electrolysis for 
producing “green” hydrogen (Chem. 
Eng., September 2020; pp. 26-30) 
and in large-scale batteries for stor- 
ing renewable energy, including redox 
flow technology (Chem. Eng., Sep- 
tember 2016, pp. 14-20). Now, with 
the goal of achieving carbon neutrality 
by 2050 or sooner, many producers 
are active in a number of projects to 
use electrochemistry with renewable 
energy and renewable feedstocks to 
make chemicals. Some of these new 
processes are now being tested at 
pilot scale (Figure 1). 


CO,-free aluminum 

Before looking at the electrochemical 
production of chemicals, it is worth 
noting that major breakthroughs are 
still possible for traditional processes. 
One of the oldest industrial-electro- 
chemical processes is still the con- 
ventional route for making aluminum 
— the 19th-centrury Hall-Héroult pro- 
cess. In this process, alumina AIO: 
is dissolved in molten salts at temper- 
atures up to 2,000°C and is electro- 
lyzed in a smelter. The high tempera- 
ture and large electrical currents used 
in the smelter make the process very 
energy intensive. Moreover, today’s 
aluminum smelters also use carbon- 
based anodes (graphite or petro- 
leum coke), which are consumed in 
the reduction process. This not only 


requires costly anode replacement 
every 25 days or so of operation, but 
the consumed carbon-based anode 
is released as CO) — a greenhouse 
gas — and other pollutants. 

To reduce the carbon footprint, a 
breakthrough technology that has 
the potential to transform the alu- 
minum industry is now being de- 
veloped by Elysis (Montreal, Queb., 
Canada; www.elysis.com) — a joint 
venture (JV), formed in 2018 and 
led by Alcoa (Pittsburgh, Pa.; www. 
alcoa.com) and Rio Tinto plc (Lon- 
don, U.K.; www.riotinto.com). At the 
end of June, Elysis started construc- 
tion on the first commercial-scale 
prototype of its inert anode technol- 
ogy at Rio Tinto’s Alma smelter in 
Saguenay-Lac-Saint-Jean, Quebec. 
The prototype will operate on a scale 
typical for large aluminum smelters, 
using an electric current of 450 kA. 

The new anode is made of a pro- 
prietary material instead of carbon, 
and the only byproduct of the pro- 
cess is oxygen. Not only are CO% 
emissions eliminated, but also other 


Christine Gabardo, University of Toronto and CERT Systeirs- 


FIGURE 1. This pilot plant uses a membrane electrode assembly (MEA) for the production of ethane from 


byproducts formed by traditional an- 
odes, such as perfluorocarbons, CO, 
SO», NOx, carbonyl sulfide, polycy- 
clic hydrocarbons and benzol(a)py- 
rene. When powered by hydro-elec- 
tricity, the overall process produces 
CO>-free aluminum metal. 

The new anode is said to be stable 
and unreactive, and has an expected 
lifetime of several years. In addition 
to the proprietary electrode material, 
the new process also uses a vertical 
anode/cathode geometry, which is 
said to increase productivity for the 
same surface area. 

The technology was first demon- 
strated at the Alcoa Technical Center 
near Pittsburgh in 2009. In Q2 2020, 
Elysis opened a research and devel- 
opment center in Saguenay, Quebec. 

The Elysis technology was devel- 
oped with support from the Cana- 
dian Government and Quebec Gov- 
ernment, each investing CAN$60 
million (about $48 million). The first 
commercial-scale unit is planned 
for 2024, and the technology will be 
commercialized globally. 


CO». It is said to be the world’s largest electrolyzer for producing C2 compounds 
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IKA Werke 


FIGURE 2. For developing a new electrochemical process, IKA-Werke offers a screening system for 
performing multiple reactions in parallel (left) and a small-scale flow system (right) 


Electro-organic synthesis 
Although some commodity and fine 
chemicals are already being pro- 
duced using electrochemistry at the 
industrial scale, there has been a 
renewed interest in electro-organic 
synthesis more recently, due to the 
increasing availability of low-cost 
electricity, but also the urgent need 
to reduce CO» emissions and to de- 
velop more sustainable production 
routes for a cyclic economy. 

Electrosynthesis has several ad- 
vantages over conventional chemi- 
cal synthesis, says Sigfried Wald- 
vogel, professor at the Johannes 
Gutenberg University of Mainz (JGU; 
Germany; www.ini-mainz.de). Elec- 
trosynthesis is inherently safe; saves 
on precious and rare elements; has 
no reagent waste; is reactive power 
adjustable; introduces new synthetic 
approaches; and has green advan- 
tages, he says. “This is a disruptive 
game changer,” he says. 

For now, electrosynthesis is prob- 
ably not suitable for synthetic fuels, 
because too much electricity would 
be needed and the volumes of prod- 
ucts required are too large, says 
Waldvogel. Although there are pos- 
sibilities for using electrosynthesis to 
make some commodity chemicals, 
for fine chemicals, there are already 
scenarios being realized, he says. 

Waldvogel and colleagues have 
been working on electrosynthesis for 
many years using a simple undivided 
cell — two electrodes dipped into 
an electrolyte containing the reac- 
tant. When a voltage is applied, the 
reagent is either oxidized or reduced 
by donating or gaining an electron at 
the surface of one of the electrodes. 
Such an arrangement, he explains, 
can use an inert electrode, such as 


graphite, platinum or boron-doped 
diamond; or an electrode with a 
catalyst on the surface; or by using 
a moderator in the reaction. Be- 
cause there are many parameters 
that need to be determined in de- 
veloping such a process (Such as 
electrode material, electrolyte, volt- 
age, current and so on), Waldvogel 
developed a screening system for 
conducting multiple experiments 
at the same time. When combined 
with design-of-experiments (DoE) 
and machine learning (ML), the 
number of experiments needed to 
determine process conditions is 
greatly reduced, he says. 

The screening system has 
since been further developed and 
commercialized by IKA-Werke 
GmbH & Co. KG (IKA; Staufen, 
Germany; www.ika.com), which 
offers two variations: one with 
six divided cells and another 
with eight undivided cells (Figure 
2, left). The system includes the 
power and heating supplies, as 
well as the control system used 
for parallel processing of multi- 
batch electrochemical reactions. 
A large number of different elec- 
trode materials are also available. 

After the process has been 
developed at the laboratory 
scale, then scaleup is usually 
performed using continuous 
flow systems. IKA also offers 
ElectraSyn Flow (Figure 2, right), 
a small-scale reactor system 
for performing continuous-flow 
electrochemical reactions. 

However, the electrochemical 
process itself is not the only con- 
sideration, because the product 
has to be purified. “Downstream 
processing is usually the killer of 
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FIGURE 3. Formate can both stimulate the conversion into lipids and serve as an anchor for recycling 


carbon dioxide from the fermentation 


all processes, because it is more ex- 
pensive than the electrolysis itself,” 
says Waldvogel. 

Nevertheless, electrosynthesis 
has been shown to be advanta- 
geous for a number of reactions. 
In a recent example, Waldvogel’s 
group reported an electrochemical 
route to sulfonamides, which are 
used in many drugs (Chem. Eng., 
April 2021, p. 8-9). The new route 
requires only one synthesis step, 
compared to three required by con- 
ventional routes, which also require 
corrosive chemicals, high tempera- 
tures and expensive metal catalysts. 

JGU is also involved in a €10-mil- 
lion project under the E.U.’s Horizon 
program, which began in 2018 with 
the aim to produce chemicals from 
wood-based lignin. The Liberate proj- 
ect (Lignin Biorefinery Approach Using 
Electrochemical Flow) involves 16 
partners, including chemical produc- 
ers Evonik Operations GmbH (Essen, 
Germany; www.evonik.com), Per- 
storo AB (Malmo, Sweden; www. 
perstorp.com) and Oxiris Chemi- 
cals S.A. (Barcelona, Spain; www. 
oxirischemicals.com), as well as small- 
to-medium sized companies and uni- 
versities and research institutes. 

In the Liberate project, a highly 
efficient and selective anodic elec- 
trochemical oxidation is being used 
to depolymerize lignin and produce 
chemicals. Three types of lignin are 
being studied: Kraft, organosolv and 
Fabiola (three different pulping pro- 
cesses). The depolymerization pro- 
cess developed at JGU takes place 
at 160°C in a caustic solution using 
nickel electrodes. Three different 
product trains are being developed: 
one for making vanillin; another for 
converting cyclohexanols into 3-pro- 
pyl adipic acid, a precursor for mak- 


ing polyamides and unsaturated 
polyester resins; and mixed phenolic 
derivatives, which can be used for 
making antioxidants, phenol-formal- 
dehyde resins and other chemicals. 

A pilot plant is being constructed 
at Liberate-partner Sintef AS’s site 
in Trondheim, Norway. “The reac- 
tor system (a plug-flow reactor) has 
now been implemented into the pilot 
plant, and we are working on com- 
missioning,” says Bernd Wittgens, 
senior advisor at Sintef. He expects 
continuous operation to begin in Q3 
2021. The project runs through De- 
cember 2022. 

PowerPlatform (Perform) is another 
project of the E.U.’s Horizon 2020 
program that is aimed at establishing 
a platform infrastructure for highly se- 
lective electrochemical conversions 
with the goal of the electrification of 
the chemical industry. This 4-year, 
€1.7-million project is led by the Neth- 
erlands Organization for Applied Sci- 
entific Research (TNO; The Hague, 
the Netherlands; www.tno.nl) with 
11 other partners, including indus- 
trial participants Avantium Chemicals 
B.V. (Amsterdam, the Netherlands; 
www.avantium.com), Perstorp, AVA 
Biochem BSL AG (Muttenz, Switzer- 
land; www.ava-biochem.com), No- 
vamont S.p.A. (Novara, Italy; www. 
novamont.com) and Radici Chimica 
S.p.A. (Bergamo, Italy; www.radici 
group.com). The engineering com- 
pany Hystech S.r.l. (Turin, Italy; www. 
hysytech.com) will design and manu- 
facture the platform. 

Two different lines are being devel- 
oped in the platform, which involve 
the use of biomass-derived C5-C6 
feedstock. “Sugar is the new oil,” 
says Bart van den Bosch, an R&D 
chemist at Avantium. 

In Line 1, a paired electrochemi- 


cal process is used, whereby furfu- 
ral is oxidized at the anode to maleic 
acid, and levulinic acid is reduced at 
the cathode into valeric acid. Both 
of these value-added products are 
industrially relevant, and producing 
them simultaneously in the same 
cell has obvious economic advan- 
tages. In Line 2, paired tandem 
electrosynthesis is used to oxidize 
glucose to glucaric acid, which is 
then hydrodeoxygenated into adipic 
acid, another important commodity 
chemical. The core of the process is 
the catalyst, which is said to have a 
selectivity of over 80%. 

Currently, the project, which began 
in January 2019, is in phase 2 with 
scaleup to a 1,000-cm2 cell capable 
of producing 25 g/h of product, with 
integrated downstream processing 
(electrodialysis, nanofiltration, €x- 
traction and distillation, crystalliza- 
tion). Although the location is not yet 
decided, the pilot plant will be con- 
structed in 2022 and the demonstra- 
tion finished in 2023. After that, the 
platform will be available for others to 
develop electrochemical processes. 


CO, utilization 

For the last five years, TotalEn- 
ergies SE (Paris, France; www. 
totalenergies.com) and the research 
groups of David Sinton, professor of 
mechanical and industrial engineer- 
ing and Ted Sargent, professor of 
electrical and computer engineering 
at the University of Toronto (Can- 
ada; www.utoronto.ca) have been 
developing an electrochemical pro- 
cess, based on a membrane elec- 
trode assembly (MEA), to convert 
CO» into C2 compounds, such as 
ethylene (an important petrochemi- 
cal) and ethanol (for biofuels). In the 
initial stages of the research, con- 
siderable work was done to improve 
the electrochemical conversion. 
First, nanocatalysts were devel- 
oped, followed by microstructured 
electrodes “that made sure the re- 
actants get to where they need to 
be,” explains Sinton. The research- 
ers were then able to increase eth- 
ylene productivity by extending the 
active area of the electrode. This 
was done by using a metal:ionomer 
hybrid catalyst, which decouples 
gas, ion and electron transport, and 
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FIGURE 4. This bioreactor setup is used for growing large amounts of biomass 
of M. extorquens AM1 


enables the CO, to be carried into 
the catalyst. 

In partnership with Total Energies 
and the University of Toronto, a pilot 
plant was constructed (Figure 1), 
which has been running 24 h/d for 
months. The pilot plant uses a MEA 
with area of 40,000 cm2 — a con- 
siderable scale up from the 5-100- 


cm? units used 
in laboratory 
studies. Sin- 
ton says, to his 
knowledge, this 
is the largest 
C2-producing 
electrolyzer in 
the world. The 
pilot is being 
used to learn 
more about the 
process and 
for making im- 
provements. 
For example, 
one of the prob- 
lems associated 
with MEA is that when CO» is intro- 
duced to the electrolyte, it is quickly 
converted to carbonate. To avoid 
this loss, the researchers recently 
showed that this loss can be avoided 
by using a tandem system. First CO% 
is converted to CO in a solid-oxide 
electrochemical cell (SOEC), then 
the CO is converted to ethylene in 


a MEA. This study, published in the 
February 15 issue of Joule, found 
that the tandem configuration had 
an overall efficiency of 140 GJ/ton 
of ethylene — a 50% reduction from 
the direct route. 

Meanwhile, a flagship project in- 
volving industrial partners Royal 
DSM N.V. (Heerlen, the Netherlands; 
www.dsm.com) and Avantium, to- 
gether with TNO and VoltaChem 
(Delft, the Netherlands; www. 
voltachem.com), aims to reduce the 
COs emissions from fermentation 
processes that are used for mak- 
ing higher value products. These 
fermentation processes use sug- 
ars as a renewable feedstock, but 
only a fraction of the sugar is used 
as a carbon source for the product; 
the rest of the sugar is used as an 
energy source for the microbes, 
which release CO» as a waste prod- 
uct. The partners are working on a 
process that captures the released 
CO», reduces it to formic acid elec- 
trochemically, and then feeding the 
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FIGURE 5. Carbon-based flow-through electrodes can 


be 3D printed with optimized flow and mass transfer 
characteristics 


formic acid back to the fermenter as 
an energy source. This not only elim- 
inates the net CO» emission, but re- 
duces the amount of sugar needed 
for making the product. 

A similar project is now underway 
in the U.S. In May, researchers at the 
National Renewable Energy Labora- 
tory (NREL; Golden, Colo. ; www.nrel. 
gov) were awarded nearly $3 million 
from the U.S. Dept. of Energy’s Ad- 
vanced Research Projects Agency- 
Energy (ARPA-E) to lead a project 
to develop CO»-free fermentation 
technology. Together with partners 
from the University of Oregon and 
industrial partners Genomatica (San 
Diego, Calif; www.genomatica.com) 
and De Nora Tech, LLC (Plainse- 
ville, Ohio; www.denora.com), NREL 
plans to integrate electrochemistry 
with sugar fermentation to produce 
fatty acid methyl esters (FAME), 
which are used to make biofuels. 
Like the Dutch project, the process 
(Figure 3) captures the CO» from a 
fermentation process, and the CO» 
is reduced to formate ions and O% in 
an electrochemical cell powered by 
renewable electricity. The formate is 
then used as an energy carrier for 
the fermentation process, thereby 
reducing the demand for sugar and 
reducing CO» emissions. 

Meanwhile, researchers from 
the Fraunhofer Institute for Interfa- 
cial Engineering and Biotechnology 
(IGB; Stuttgart, Germany; www.igb. 
fraunhofer.de) are working in two 
E.U. projects (EVOBIO and ShaPID) 
to develop ways to utilize COs using 


both biotechnology and electro- 
chemistry. The research team 
works with native methylotro- 
phic bacteria, which metabolize 
methanol, and yeasts that can- 
not metabolize methanol. Using 
metabolic engineering, genes are 
introduced into the microbes that 
provide the blueprint for certain 
enzymes, which are subsequently 
produced in the microorganism 
to catalyze the production of a 
specific product. 

Methanol and formic acid are 
used to feed these engineered 
microorganisms, which are 
grown in bioreactors (Figure 4). 
Both feedstocks are made from 
CO, — methanol is made from 
a heterogeneous catalytic reac- 
tion of COs, and formic acid is made 
by the electrochemical reduction of 
CO». The COs generated by the 
fermentation can also be recovered 
and used for making more methanol 
or formic acid. 

Products being investigated include 
organic acids, which are building 
blocks for polymers, and amino acids 
as food supplements or animal feed. 


Printing better reactors 

Improving the performance of elec- 
trochemical reactors is a goal of ev- 
eryone working in this field, and a 
step in this direction is being devel- 
oped at the Lawrence Livermore Na- 
tional Laboratory (LLNL; Livermore, 
Calif.; www.llnl.gov). In two recent 
publications, LLNL researchers and 
its team describe how 3D printing 
can be used to rapidly enhance elec- 
trochemical reactors for CO», con- 
version. In an article published last 
month in the Proceedings of the Na- 
tional Academy of Sciences (PNAS), 
the LLNL engineers describe how 
it is possible to use 3D printing to 
make carbon flow-through elec- 
trodes (FTEs) from graphene aero- 
gels. Using this technology, the re- 
searchers demonstrated that they 
could “tailor” the flow in FTEs, “dra- 
matically” improving mass transfer 
of liquids or gas reactants through 
the electrodes and onto the reactive 
surfaces. Conventional materials, 
such as carbon-fiber-based foams 
or felts, have a randomly ordered 
microstructure, which leads to un- 


even flow and mass-transport distri- 
bution. In contrast, the flow channel 
geometry could be controlled using 
8D printing, so that electrochemical 
reactions can be optimized (Figure 
5). “By 3D printing advanced ma- 
terials, such as carbon aerogels, it 
is possible to engineer microporous 
networks in these materials without 
compromising the physical proper- 
ties, such as electrical conductiv- 
ity and surface area,” says LLNL 
researcher and co-author of the 
PNAS paper. 

LLNL scientists and engineers are 
exploring the use of electrochemi- 
cal reactors for a number of appli- 
cations, including the conversion of 
CO» into fuels and polymers, as well 
as applications in electrochemical 
energy storage. 

The researchers are working to 
produce more robust electrodes 
and reactor components at higher 
resolutions through light-based 3D 
polymer-printing techniques, such as 
projection micro-stereolithography, 
followed by metallization. 

The use of 3D printing not only 
helps to optimize the flow in FTEs, 
but it also makes it possible to quickly 
build and test new reactor designs. 
“The real advantage for using 3D 
printing is that we can literally have 
an idea, design a new reactor, print 
it and test it within 24 hours,” says 
LLNL scientist Jeremy Feaster, who 
co-authored a report published in the 
May 2021 issue of Energy & Environ- 
mental Science, with partners Stan- 
ford University (Calif.; www.stanford. 
edu) and Total American Services, 
Inc. (Houston). “What we’ve been 
able to show is that you can quickly 
iterate on the design and cut not only 
the time it takes, but also the cost to 
make these reactors by several or- 
ders of magnitude,” he says. 

For this study, the researchers used 
8D printing for the reactor housings 
and rapidly iterated to find the opti- 
mal geometry, which improved the 
overall mass transport of reactant 
to the catalyst, and products from 
the catalyst. Benchmarking studies 
performed at Stanford demonstrated 
high yields for ethylene (3.386%) and 
record levels of ethanol (8.66%), 
compared to literature values. g 

Gerald Ondrey 
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This vibratory feeder is ideal for 
feeding fragile materials 

The new line of K3 vibratory feed- 
ers (photo) features a unique, patent- 
pending drive system combined with 
an advanced control package, result- 
ing in gentler product handling, higher 
accuracy and quicker product change- 
over with no residual material. The key 
to the K3 vibratory feeder achieving 
high accuracy is the ability to deliver 
a continuous, even product discharge 
with minimal pulsations. Conventional 
vibratory feeders use rubber or spring 
shock absorbers, which allow move- 
ment of the drive in all directions, result- 
ing in rotational motion of the tray. The 
unique flexible pendulum technology 
of the K3 vibratory feeder controls the 
tray movement and eliminates waste- 
ful motion. This resulting parallel mo- 
tion ensures an even material flow of 
the product along the entire length of 
the vibratory feeder tray. Standard and 
hygienic designs are available. — Co- 
perion K-Tron, Salina, Kan. 
www.coperion.com 


Dosing system automatically 
meters powders into process 
This vibratory feeder dosing system 
(photo) automatically meters precise 
amounts of powders into mixers, 
reactors, dryers, coolers, hoppers, 
pneumatic vacuum-conveying Sys- 
tems, and other process equipment. 
Accurate to within 1 g, depending 
on the material, the system features 
a proprietary pneumatic piston vibra- 
tor that sets the powder or other bulk 
material in a uniform layer across the 
dosing tray while gently advancing the 
material toward discharge in a first-in, 
first-out process. The potential for ag- 
glomeration is eliminated and particle 
integrity is assured. The system is 
available in sanitary, standard, explo- 
sion-protected and custom designs. 
— Volkmann USA, Bristol, Pa. 
www.volkmannusa.com 


Accurate feeding and 
discharging in one device 

The GYRO EX Bin Activating Feeder/ 
Discharger (photo) is a bin discharger 
and an accurate feeder, with up to a 


ids Handling 


100:1 turndown ratio, all in one piece 
of equipment. It produces a controlled 
gyratory motion to positively withdraw 
granular materials from bins, storage 
silos and hoppers. The GYRO EX uses 
a radial force to create a uniform circu- 
lar motion on both the upper activation 
cone and the lower discharge cone. 
The stored material load is completely 
supported by the upper bin activation 
cone, which has a discharge angle less 
than the discharge cone. This means 
that all material feeds faster from the 
lower discharge cone than from the 
upper bin activation cone, preventing 
the head load from compacting mate- 
rial in the lower cone. — Dynamic Air 
Inc., St. Paul. Minn. 
www.dynamicair.com 


Lump breaker enables reuse of 
scrap and waste 

The Nibbler lump breaker (photo) en- 
ables food, pharmaceutical, nutrition 
and other processors to reprocess 
off-specification products, scrap and 
other materials and convert the costly 
waste into invaluable, saleable prod- 
ucts. Set inline to capture material 
for reprocessing automatically or as 
a standalone unit for manual load- 
ing, the Nibbler features a proprietary 
high-torque, low-speed cutting sys- 
tem that shears chunks, clumps and 
blocks through a serrated screen to 
reduce the particle size down to as 
small as 1 mm. Available in seven 
standard models and in custom mod- 
els, the Nibbler comes in either stain- 
less steel or carbon steel as standard 
with a choice of screen sizes to meet 
target particle sizes from 1 to 25 mm. 
Optional FDA-compliant, hygienic 
and ATEX-certified designs for explo- 
sion protection are also available. — 
Gericke USA, Inc., Somerset, N.J. 
www.gerickegroup.com 


This bag discharger has a 
mobile conveyor and hopper 

A new mobile bulk-bag discharger 
with mobile flexible screw conveyor 
allows dust-free discharging of bulk 
solid materials and conveying to 
downstream process equipment or 
storage vessels throughout the plant. 
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Mounted on locking casters, the Bulk- 
Out BFF Series discharger (photo) has 
four adjustable extension posts to ac- 
commodate bulk bags 36- to 84-in. 
tall. The removable bag-lifting frame 
with Z-Clip strap holders allows bulk 
bags to be attached at ground level, 
then forklifted into receiving cups on the 
discharger frame. A Spout-Lock clamp 
ring atop a pneumatically actuated Hexion 
Tele- Tube telescoping tube secures the 
clean side of bag spout to the clean 
side of the equipment, and exerts con- 
tinuous downward tension on the bag 
as it empties and elongates, promoting 
flow and evacuation. A vent port with 
a filter sock contains dust. — Flexicon 
Corp., Bethlehem, Pa. 
www.flexicon.com 


A bag discharger with loss-in- 
weight batching control 

This bulk-bag discharging system with 
scale system and crusher (photo) pro- 
vides for an efficient, controlled dis- 
charge of materials through a loss-in- 
weight operation into the user’s existing 
process. The unit utilizes a 2-ton hoist 
and trolley system and a Spider-Lift 
bag-lifting frame to allow for safe and i ew 
efficient loading of bulk bags into the aiai 
Material Master system. The crusher re- 
duces material to desired particle size, 
then the scale system and a summing 
box communicate with a slide gate to 
provide for an accurate discharge of uni- 
form material into the process. Systems 
are custom designed for each specific 
application. — Material Transfer & Stor- 
age, Inc., Allegan, Mich. 
www.materialtransfer.com 


Bag-dump module for many 
types of process equipment 

This new bag dump module (photo) can 
be installed on the lid of bulk-solid mix- ? 
ers, blenders, size-reduction equipment Munson Machinery Company 
and storage vessels to contain dust gen- 

erated when bulk materials are dumped 

manually. The self-contained module in- 

cludes a dust hood with hinged door, a 

blower that draws airborne dust onto the 

outer surface of two PTFE 1-um pleated 

cartridge filters and air nozzles that pe- 

riodically dislodge accumulated dust, 

returning it to the vessel below. The pre- 

drilled flanges on the rear and sides of 

the hood allow rapid fastening to mix- 

ers, blenders, size-reduction equipment, 

storage vessels and other equipment 

having horizontal covers with square 

openings from 24 to 30 in. Construction 

is of stainless steel finished to industrial, 
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Best Process Solutions 


Masterpack Group USA 


Hemco 


Automated Flexible Conveyor 


pharmaceutical or food-grade stan- 
dards. — Munson Machinery Com- 
pany, Inc., Utica, N.Y. 
www.munsonmachinery.com 


Efficient and dust-free 

bag dischargers 

These bulk bag dischargers are ex- 
pandable and flexible to meet dis- 
charging and bulk bag requirements. 
They are available in three reliable 
models: Model MTD-2.5K for unload- 
ing large bulk bags up to 2,500-lb 
capacity; Model MTD-4K (photo) for 
very large bulk bags up to 4,000-lb 
capacity; and heavy-duty Model BBD- 
4K discharger with vibratory motor 
agitation to assist in unloading hard- 
to-remove products. Many options are 
available. — Best Process Solutions, 
Inc., North, Brunswick, Ohio 


2 www.bpsvibes.com 


Modified-atmosphere FIBC 
bulk bags for nuts 

The storing and transportation of 
nuts (almonds, walnuts, pistachios, 
and so on) can be challenging, but 
there are advantages for using M-A-P 
flexible intermediate bulk containers 
(FIBC) Big Bag (photo). This compa- 
ny’s modified-atmosphere technique 
for FIBCs does not use chemicals or 
pesticides for pest control. Instead, 
a modified atmosphere is created by 
adjusting Op and either No or CO» 
levels within the packaging to the de- 
sired value. M-A-P does not just keep 
the product safe from pests, it also 
inhibits the growth of micro-organ- 
isms and protects against oxidation 
processes. It also keeps dry products 
safe from unwanted moisture devel- 
opment. This means that the fresh- 
ness of the products is maintained 
and shelf life is elongated. — Master- 
pack Group USA, Berlin, N.J. 
www.masterpackgroup.com 


Flow metering for powders and 
bulk materials 

Whether for pre-loading in a lorry or 
admixture of products, the C-Lever 
ensures the exact mass metering of 
powders and bulk materials. The mea- 
suring unit recognizes the exact feed 
rate and relays this to the transducer. 
Through its low installation height, the 
assembly saves not only on space, 
it is also quick and cost-effective to 
implement. The C-Lever’s patented 
measurement principle enables a very 
precise, friction-compensated mass 


flow measurement of bulk materials. 
Even with the most divergent prop- 
erties of the bulk materials, a mea- 
surement accuracy of up to 99.5% is 
achieved (minimum throughput of 50 
kg/h, minimum material density of 0.3 
ton/ms). — Rembe Inc., Fort Mill, S.C. 
www.rembe.us 


This containment control 
system is engineered for safely 
Dispensing from drums and weighing 
operations are typical applications 
of the containment-control system 
(CCS; photo), which contains and 
controls airborne particulate matter 
from sampling procedures. Drums or 
equipment can be easily rolled into 
the enclosure through the strip curtain 
entrance. Both the process and sur- 
rounding environment are protected 
from contamination. A downward 
flow of HEPA (high-efficiency particu- 
late absorbing) filtered air maintains a 
cleanliness level at drum or working 
height, while all exhaust air exits out 
through HEPA filters in the rear wall. 
— Hemco Corp., Independence, Mo. 
www.hemcocorp.com 


Screw conveyors automatically 
transfer bulk materials 

The Spiralfeeder line of flexible screw 
conveyors (photo) encompasses san- 
itary, standard and portable models, 
as well as custom designs. The Spiral- 
feeder line sets a rotating screw auger 
within an enclosed outer tube to auto- 
matically transfer powders, granules, 
blends, flakes and other dry, bulk ma- 
terials from one point in the process 
to another within a sealed, dust-tight 
system. The line of conveyors is fre- 
quently used for transferring one or 
multiple materials from or into hop- 
pers, mixers, reactors, tablet presses, 
bulk bag fillers and other equipment 
when gentle, quiet, reliable convey- 
ing is required. — Automated Flexible 
Conveyor, Inc., Clifton, N.J. 

www.afcspiralfeeder.com 


An automatic bulk-bag 
dumping station 

The Minislit (ohoto, p. 21) is an auto- 
mated bag-opening station capable 
of high rates for bag and sack emp- 
tying operations in multiple powder 
processing industries, including food 
& beverage. Common applications in- 
clude quick ingredients discharge from 
smaller 20- and 50-lb sacks contain- 
ing dairy powders, granulated sugar, 
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spices and so on, for mixing and 
processing further downstream. Bag 
opening rates on average are around 
2 to 8 bags/min depending on the 
package type and material. — Pala- 
matic Process Inc., Philadelphia, Pa. 
www.palamaticprocess.com 


Granulation of salts to 

reduce dust and waste 

In many industries, dust is produced 
that is either a reusable waste ma- 
terial in itself or still contains com- 
ponents that can be recovered and 
reused. Before these valuable ma- 
terials can be handled or recovered, 
the dusts need to be agglomerated. 
In most cases, the dusts can simply 
be converted to granulate via build- 
up agglomeration in a mixer (photo). 
But in the past, build-up agglomera- 
tion was not an expedient solution 
when it came to agglomerating salts. 
This company has now developed a 
method using a feed of superheated 
steam to achieve high-strength 
granulates — of more than 30 N — 
using a combination of a mixer and 
a disk pelletizer. The method requires 
far less energy input than the use of 
crystallizers, and it also makes it pos- 
sible to add further substances at the 
build-up agglomeration stage and 
incorporate them into the granules. 
Systems with an output of up to 50 
ton/h have already been configured. 
— Maschinenfabrik Gustav Eirich 
GmbH & Co KG, Hardheim, Germany 
www.eirich.de 


Boost screening productions 
with this combination 

The combination of the eccentric 
screening machines, like this com- 
pany’s Niagara F-Class and Niag- 
ara N-Class (photo), with its poly- 
urethane (PU) media, such as its 
Ty-Max and Ty-Deck, is said to re- 
sult in more uptime, fewer screen- 
ing problems and higher screening 
efficiency. Though each of these 
two technologies are highly ben- 
eficial on their own, their benefits 
dramatically increase when com- 
bined, says the company. The 
combination reduces pegging and 
blinding; handles high impacts bet- 
ter; improves screening action and 
increases screening efficiency; and 
lessens vibrations transmitted to 
the structure, the company says. 
— Haver & Boecker Niagara, St. 
Catharines, Ont., Canada 
www.haverniagara.com 


Stronger magnets for 

separating metal contaminants 
This company has released two 
new, stronger plate magnets 


(photo, p. 22) for its magnetic | 


separation equipment. The new 
models incorporate an improved 
magnetic circuit design, making 


these magnets even stronger than | 5 
their predecessors. The plate mag- % 


nets capture metal contaminants in 
chemical, food, packaging, phar- 
maceutical and other processing 
applications. Testing of the new, 


Palamatic Process 


Eirich 
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Eriez Manufacturing 


Hapman 


stronger Xtreme Rare Earth+ and 
Rare Earth+ plates demonstrated a 
significant increase in both surface 
Gauss value and pull test strength 
when compared to the company’s 
previous generation of rare earth 
plates. Plate magnets can be in- 
stalled in chutes, spouts, ducts, 
pipes, or Suspended over convey- 
ors to remove tramp iron. — Eriez 
Manufacturing Co., Inc., Erie Pa. 
www.eriez.com 


Count packaged goods with 
this machine 

The HQ Series is a line of compact 
counting and packaging machines. 
The = servo-driven three-model 
portfolio provides fast, reliable and 
cost-efficient counting solutions 
for primary or secondary packag- 
ing of medical parts, hardware and 
detergent pouches, among other 
common items. To preserve pro- 
duction floorspace, the counting 
machines can be placed directly 
atop a packaging machine for bag 
filing applications, or over a con- 
veyor belt for precise positioning 


and discharge of product counts 
into common packaging platforms 
such as cartons, boxes, tubs or 
tins. Counting products by the 
piece is said to be the most ef- 
ficient, cost-effective alternative 
to weighing and pick-and-place 
systems. — Cremer Speciaalma- 
chines B.V., Lisse, the Netherlands 
www.cremer.com 


A conveyor for when explosion 
concern is a priority 

The E-Lineé vacuum conveyor 
(photo) is designed to be fitted with 
either an explosion venting or explo- 
sion suppression system. A side- 
access door for filter removal and 
reverse-pulse filter cleaning come 
as standard features — all while 
containing pressures up to 14.5 psi. 
Offering an alternative solution to 
purging material-handling systems 
with costly nitrogen, the E-Line vac- 
uum conveyor provides both safety 


and cost-savings. — Hapman, 

Kalamazoo, Mich. 

www.hapman.com E 
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Facts At Your Fingertips 


Specification Considerations for Control Valves 


Department Editor: Scott Jenkins 


roperly specifying process con- 
Pr: valves for a plant project is 
critical to achieving efficient and 
effective processes. This one-page 


reference discusses key consider- 
ations for specifying control valves. 


Valve specification 

Process engineers should take the 
following aspects into consideration 
when specifying control valves to en- 
sure that the valves are manufactured 
according to requirements. 

Flow coefficient and size. The size 
of a control valve is derived from the 
flow coefficient (Cy), which is a param- 
eter defined as volumetric flowrate (in 
gal/min) of water through the valve at 
60°F when pressure drop across the 
valve is 1 psi (Cy is calculated using 
the formula given in the standard ISA- 
75.01.01 -2007). 

Valve controllability. The valve’s con- 
trollability must be sufficient over the full 
range of flowrates that the valve will ex- 
perience. This can be ensured by esti- 
mating the maximum Cy and minimum 
C, that correspond to maximum and 
minimum flowrate, respectively. In gen- 
eral, the controllability of a control valve 
is acceptable if its travel at maximum 
flowrate does not exceed 90% of the 
rated travel, and if travel at minimum 
flowrate is in the range of 10 to 20% 
of the rated travel. This means the ratio 
of estimated maximum C, to estimated 
minimum Cy should preferably not be 
more than 15. If the ratio far exceeds 
this value, travel at minimum flow may 
be less than 10% of the rated travel, 
or the travel at maximum flow may be 
greater than 90% — both scenarios 
mean poor controllability of the valve. 
In that case, pressure drop across the 
control valve should be increased so 
that the target ratio can be lowered, as 
shown in Equation (1). For incompress- 
ible fluids, the ratio of maximum C, to 
minimum Cy, is given by Equation (1): 


(Cymax / (Cymin = (max flowrate / min 
flowrate)(APmin / APmax)®5 (1) 


Cavitation. When fluid is flowing 
through a control valve, the minimum 
pressure occurs at the vena contracta, 


and then pressure increases along the 
path of flow until the fluid reaches the 
outlet of the control valve. The vena 
contracta is the point in the flow path 
where the flow area is minimum, the 
velocity is maximum and, hence, pres- 
sure is minimum. For liquids, if the 
pressure at the vena contracta is less 
than the vapor pressure of the liquid, 
vapor bubbles will form. Downstream 
of the vena contracta, pressure re- 
covery takes place, resulting in higher 
pressure at the valve outlet than at 
the vena contracta. If pressure at the 
control valve outlet exceeds the vapor 
pressure, the vapor condenses and 
bubbles collapse. Collapsing bubbles 
impact the valve body and create 
noise. This phenomenon is cavitation. 
Multiple operating cases. Control 
valves are generally specified for three 
operating cases — minimum, normal 
and maximum flowrates, with the cor- 
responding pressure drops. There may 
be more than three. In such situations, 
normal flowrate and corresponding 
pressure drop should be specified in 
accordance with the normal operating 
case, whereas other operating cases 
(if there are more than two) should be 
narrowed down to two cases. 

When narrowing down the operat- 
ing cases, Cy should be estimated for 
each case. Then, minimum and maxi- 
mum flowrates (and corresponding 
pressure drops) should be specified 
in such a way that they correspond 
to the minimum and maximum Cy of 
the control valve, and the C, corre- 
sponding to all other cases should lie 
between minimum and maximum Cy. 
As the actual C, is not available when 
a control valve is specified, the esti- 
mated Cy should be used. 

Valve type. Butterfly valves, which are 
compact and generally lower cost, 
are often the first choice. However, 
constraints may dictate otherwise. 
For instance, if high pressure drop 
across the valve is required, a globe 
valve may be a better choice. Be- 
cause the resistance of a globe valve 
is higher than that of a butterfly valve, 
higher pressure drop can be obtained 
across a globe valve with reasonable 
size. Cavitation can often be avoided 


< AP 


Inlet 


u————— Pressure drop ——_>> 


FIGURE 1. The diagram illustrates a control valve 
with fluid flowing through. The pressure drop is 
represented by AP 


with globe valves. V-notch ball valves 
are preferred where high rangeability 
is required. Standard, round-ported 
ball valves are generally used for on- 
off applications. 

Leakage class. The allowable con- 
trol-valve-seat leakage is specified in 
terms of ANSI/FCI 70-02- 2006 leak- 
age class. This standard recognizes 
six classes of allowable seat leakage 
(Class | is the highest allowable leak- 
age and Class VI is the least allowable 
leakage). Generally, control valves for 
CPI applications are specified with 
leakage Class IV. However, when 
tight shutoff is required, at least Class 
V should be specified. Control valves 
discharging to a flare, or controlling 
fuel flow to a burner, should be speci- 
fied with Class VI leakage. 

Flow characteristics. The most com- 
mon types of inherent flow characteris- 
tics are the following: 

Linear — A valve with an ideal linear 
inherent flow characteristic produces 
a flowrate that is directly proportional 
to the amount of valve plug travel, 
throughout the travel range. 

Equal percentage — Ideally, for equal 
increments of valve plug travel, the 
change in flowrate regarding travel 
may be expressed as a constant per- 
centage of the flowrate at the time of 
the change. 

Quick opening — A valve with quick- 
opening flow characteristic provides 
a maximum change in flowrate at low 
travel rates. A quick-opening character- 
istic is basically linear through the first 
40% of valve plug travel (correspond- 
ing to 70% of maximum flowrate), and 
there is little increase in flowrate with 
further increase in plug travel. E 


Editor’s note: This column is based on Singh, Satyendra K., Key 
Considerations in Specifying Control Valves, Chem. Eng., March 
2017, pp. 84-87. 
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Production of Adipic Acid 


By Intratec Solutions 


dipic acid (hexanedioic acid; 
Figure 1) is among the most 
important aliphatic dicar- 
oxylic acids, with about 
2.5 billion kg produced annually. It is 
isolated as odorless, colorless crys- 
tals with an acidic taste. Adipic acid 
undergoes the reactions of carboxylic 
acids, reacting at one or both carbox- 
ylic acid groups to form salts, esters, 
amides, nitriles and so on. Because 
of the bifunctional nature of this acid 
(Figure 1), it is used in a number of 
industrial polymerization processes. 

Most adipic acid is used captively 
by the producer in the manufacture 
of nylon-6,6 polyamide, prepared by 
reaction of adipic acid with 1,6-hex- 
anediamine. Adipic acid is also used 
for a wide range of applications, 
including: conversion to esters; in 
placticizers, lubricants and poly- 
urethane resins; as an acidulant for 
gelatins and jams; as a food additive 
for buffering or neutralizing; to make 
insect repellent; as a starch cross- 
linking agent; and as an intermediate 
for paints. 

Commercial production of adipic 
acid has been predominantly based 
on cyclohexane and, to a lesser ex- 
tent, phenol. In light of shifts in hy- 
drocarbon pricing, alternative adipic 
acid production routes have been re- 
searched, mainly based on butadiene 
and cyclohexene feedstocks. Adipic 
acid may also be produced from re- 
newable sources (bio-adipic acid). 

Adipic acid, when dispersed as a 
dust, is subject to dust explosion, so 
the acid is conveyed pneumatically 
(or mechanically) from the drying 
equipment to the shipping or storage 


container. The material should be 
stored in corrosion-resistant contain- 
ers, away from alkaline or strong oxi- 
dizing materials. The containers can 
be made of aluminum or stainless 
steel, and the quantities range from 
50-lb. bags to 200,000-lb hopper 
cars. In storage, adipic acid tends 
to cake, depending on particle size 
and moisture content, so it is recom- 
mended to use hermetically closed 
containers in storage. 


Process 

The process for production of adipic 
acid from cyclohexane comprises 
two major sections: A first oxidation 
step; and a second oxidation step 
(Figure 2). 

First oxidation step. Initially, cyclo- 
hexane is fed to the first of several 
staged air oxidation vessels, along 
with metaboric acid. In the pres- 
ence of cobalt naphthenate cata- 
lysts, the cyclohexane is oxidized in 
the liquid-phase to cyclohexylhydro- 
peroxide (CHHP). In the presence of 
boric acid, the CHHP is trapped as 
cyclohexylperborate ester, which in 
turn reacts with cyclohexane, yield- 
ing borate ester and cyclohexanol. 
The borate ester formed is rela- 
tively stable, so the generation of 
undesired byproducts is minimized. 
Next, the ester is hydrolyzed, yield- 
ing cyclohexanol and boric acid, 
which is dehydrated and recycled 
to the oxidation step. Subsequently, 
the CHHP still present in the oxida- 
tion product is decomposed by an- 
other oxidation reaction over a fixed 
bed of cobalt catalysts, yielding a 
cyclohexanol-cyclohexanone mix- 


Off-gas 


Cyclohexane 


Wastewater 


ii 


Nitric Acid 


HO 
OH 


(0) 
Adipic Acid 

FIGURE 1. Adipic acid is an industrially important 
6-carbon dicarboxylic acid 
ture known as KA oil. 
Second oxidation step. The KA oil 
is then reacted with nitric acid in the 
presence of copper/vanadium cata- 
lysts to form adipic acid. While this 
second oxidation step is very exo- 
thermic, a high ratio of nitric acid to 
KA oil is established, so that the ni- 
tric acid also works as a heat sink, 
avoiding uncontrollable reactions. 
This oxidation reaction is extremely 
quick. It is carried out in two con- 
verters, operating at different tem- 
peratures. Most of the KA oil is oxi- 
dized in the first, low-temperature 
converter, with the remainder being 
converted in the high-temperature 
converter downstream. Nitrogen 
oxides and nitrogen are released 
from the reaction. While N20 and 
nitrogen can be viewed as nitric 
acid losses, NO» and NO are further 
oxidized and recycled as nitric acid. 
After separation of water and mono- 
basic acids from the oxidation prod- 
uct, then crystallization under vacu- 
um and centrifugation, crude adipic 
acid is obtained. Finally, the crude 
adipic acid is re-dissolved in water, 
recrystallized, centrifuged and dried 
to yield fiber-grade adipic acid. E 


Editor's note: The content for this column is developed by In- 
tratec Solutions LLC (Houston; www.intratec.us) and edited by 
Chemical Engineering. The analyses and models presented are 
based on publicly available and non-confidential information. The 
content represents the opinions of Intratec only. 


1. Oxidizers 

2. Decanter 

3. Boric acid recovery 

4. CHHP 
decomposition 

5. KA oil purification 

6. Converters 

7. Bleacher and 
concentration still 

8. Crystallization and 
centrifugation steps 

9. Rotary dryer 

10. Purge treatment 

11. Cooling tower 


Boric Acid 
FIGURE 2. The process diagram shows the production of adipic acid from cyclohexane 
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Using a vast collection of experimental distillation-column data, sieve tray stability, and its 
influence on efficiency, are explored in terms of several physical and mechanical properties 


Dan Summers 
Sulzer Chemtech, Ret. 
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or trayed distillation columns, the 

concept of tray stability was intro- 

duced by the author back in 2010 

[1]. The data used to determine this 
modified Froude number term were based 
on simulator data, and the tray hydraulic pa- 
rameter examined was weeping. This work 
serves to validate this stability factor concept 
by demonstrating when tray efficiency data 
“falls off” as one turns down the capacity 
of a trayed distillation tower. That informa- 
tion is readily available for sieve trays from 
the publicly disclosed data that have been 
collected by Fractionation Research Inc. 
(FRI; Stillwater, Okla.; www.fri.org) over the 
past 70 years [2]. Table 1 shows a small 
selection of these data sets, which were 
used to generate some of the charts in 
this article. 

The FRI data sets are also used in this arti- 
cle to demonstrate that there is a relationship 
between tray stability and tray efficiency, and 
determine which physical properties 
and mechanical design features most 
impact that relationship. An equation 
is presented that defines the minimum 
tray stability factor value for sieve 
trays. The applicability of this equa- 
tion covers a wide range of physical 
and mechanical parameters, using 
FRI data to expand upon the author’s 


Cy= 
K=0.997 —{0.34/[1 + (4.925TT/D,)9-582]} 
HS = (a How) + Ko [(a9-8/ Cd )(GPM/Bw)] 23 (5 
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FIGURE 1. FRI run numbers 1,323 to 1,329, from January 
1957, showing tray efficiency (black diamonds) and tray pres- 
sure drop (blue circles) 


STABILITY FACTOR, AP & HEAD EQUATIONS 
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TABLE 1. SELECTED FRI RUN DATA (REFERENCED IN FIGURE 2) 


FRI Run 
Number 


14,115 
14,116 
14,117 
14,118 
14,119 


26 


Liquid 
density, 
Ib/ft3 
30.6 
30.6 
30.5 
30.5 
30.5 


Vapor 
density, 
Ib/ft3 


1.7640 
1.7680 
1.8000 
1.8000 
1.8840 


Flow- Effi- Weir Dry Up, € 
rate, ciency, load, drop, in. ft/s 
Ib/h % GPM/in. of liquid 
59,170 113 6.52 18783 1.007 3.761 
46,770 112 5.16 0.856 0.794 3.130 
31,580 103 3.49 0.384 0.527 2.284 
22,580 95 2.49 0.197 0.377 1.749 
13,870 62 1.54 0.071 0.221 lel 57, 


Froth ai Cd HS, in. Stability 
height, of liquid 
in. 
7.83 0.2100 0.8433 1.645 0.913 
6.71 0.2422 0.7982 1.624 0.726 
Dre 0.3045 0.7409 1.605 0.489 
4.40 0.3638 0.7060 1.600 0.350 
3153 0.4637 0.6713 1.638 0.209 
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2010 [2]. The dry-tray pressure-drop 


Stability factor 
Dy Hole diameter, in. 
ine Tray thickness, in. 


Pitch Center to center distance 
between holes, in. 


A Pory Dry-tray pressure drop, in. H20 
Vy Up/ fp, Hole velocity, ft/s 
i 3 
py Vapor density, lb/ft 
Gy Hole (orifice) discharge 
coefficient 
ew Water density, 62.428 Ib/ft3 
a 1/(1+e), Relative froth density 
A 12.6 Fr0-4fp-0.25 
Y 12.0 (py/(p, — py) (Ub2/ (gc HS), Vapor 
Froude number 
iqui i 3 
PL Liquid density, lb/ft 
9 Gravity constant, 32.174 ft/s2 
HS Hydrostatic head, in. of liquid 
Uy V/(3,600py Ab), ft/s 
V Vapor rate, Ib/h 
Ab Tray active area, ft2 


How Outlet weir height, in. 


Cd Weir coefficient 
Cd 0.61 + (0.08 Ioa) for K less than or equal 
to 8.135 


Cd 1.06 (1 +(1/,))"-5 for K4 greater than 
8.135 


Cd 1.06 for How = 0.0 in. 

K (HF-How)/ How 

HF HS/c, Froth height, in. 

GPM Liquid flowrate, gal/min 

Bw Weir length, in. 

fp Open area/Ab, Fraction open area 
Ko 0.527 for round sieve openings 

C W lpv/(p1 — py))®5, Vapor load, ft/s 
o Surface tension, dynes/cm 


2010 work, which was totally based on 
air-water and air-lsopar simulator data. 


Stability, AP and hydrostatic head 

Tray stability (n) is defined as the square 
root of the dry-tray pressure drop over 
the hydrostatic head on a distillation 
tray, as shown in Equation (1) in the Sta- 
bility Factor, AP & Head Equations box 
(p. 26). Note that n is basically a Froude 
number (a dimensionless number used 
to determine the resistance of move- 
ment through a fluid). This hydraulic pa- 
rameter was introduced to the public in 


correlation for sieve trays was intro- 
duced in 2009 [3] and updated in 
2017 [4], and the hydrostatic head of 
sieve trays was introduced by Char- 
lie Colwell in 1981 [5]. 

The updated 2017 equations ex- 
pressing dry-tray pressure drop of 
sieve trays are shown in Equations 
(2), (8) and (4) in the box on p. 26, 
and Colwell’s hydrostatic head cor- 
relation is given in Equation (5). 


Discussion 

The public domain FRI sieve tray 
data were examined to see if they 
substantiate the stability work per- 
formed by the author back in 2010. 
Keep in mind that the author had 
already looked at the public-do- 
main FRI tray data in 2018 [6] to 
find a relationship between stability 
and tray efficiency for bubble-cap 
type trays. For the current article, 
however, the data examined were 
established by FRI in Alhambra, 
Calif. between the years 1957 and 
1980. The data were taken in two 
industrial-size towers (48 in. and 
96 in. diameter) at total reflux and 
show the tray efficiency versus 
vapor load. There were more than 
100 data sets taken during this time 
period, with numerous compounds 
and pressures, operating from 
deep vacuum to 500 psia. Figure 
1 shows an example of one such 
data set with cyclohexane/n-hep- 
tane operating at 24 psia pressure. 
One can see that the tray efficiency 
drops from about 80% to less than 
50% as the vapor load Cp falls 
below 0.1 ft/s. This could be inter- 
preted as an indication of minimum 
efficient operation. 

Through the 1,543 pages of avail- 
able FRI data, the author looked 
for turndown data, such as what 
is shown in Figure 1. The black 
diamonds in this figure represent 
tray efficiency and the blue circles 
represent tray pressure drop. The 
author also looked for data that 
showed no signs of weeping. The 
data sets from FRI included an in- 
dication, in the data text, if weep- 
ing was observed from below 
the trays. Recent work at FRI has 
shown that even minor wall weep- 
ing/leakage can cause a significant 
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Stability/Efficiency, Sieve Trays — 2-in. Weir 


Efficiency, % 


SÑ 


FIGURE 2. Sieve tray efficiency and calculated stability 
are shown for FRI run numbers 14,115 through 14,119 


Stability/Efficiency — Sieve Trays, 2-in. Weir 


FIGURE 3. Efficiency versus calculated stability is shown 
for FRI run numbers 14,115 to 14,119 


Stability — %-in. holes; 2-in. weir; 24-in. TS; 


fp = 0.08: 


FIGURE 4. Stability at constant geometry is shown, using 
surface tension as the correlating parameter 


n= 0.5664 + (0,4794°(1 - expi0.2761S(Lnipv))))) 


a aeenccnccccccnnns Ganeaneannnnanennnnabenannnsnnnnnnnnnee 
H 


FIGURE 5. The least-fit square fit for data in Figure 4 is 
shown, using vapor density as the correlating parameter 
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loss of tray efficiency at low 
vapor rates. Therefore, the 
author decided to avoid any 
data that contained observa- 
tions of weeping in the data. 
The author also avoided all 
two-pass tray data because 
two-pass trays can exhibit 
their own instabilities, as dis- 
cussed in the 2010 paper. In 
addition, only data with the 
perforation punched down- 
wards were employed in 
this study. 

The non-weeping data 
sets were then analyzed with 
the above stability equations 
and a plot of tray stability was 
added to each set. This re- 
sulted in a number of plots 
that look like the example 
shown below in Figure 2. 
Since the calculated stabil- 
ity line appears to have a 
linear relationship with the 
vapor load Cp, it was then 
concluded that tray efficiency 
can easily be plotted against 
the calculated stability factor 
with no degradation in the 
shape of the curve, as seen 
in Figure 3. Now, one can 
visually determine the tray 
stability factor at turndown 
where tray efficiency starts to 
fall, and the minimum stabil- 
ity factor can be determined 
where good tray efficiency 
can be maintained. The au- 
thor was able to identify a 
total of 91 data sets that 
exhibited sufficient cred- 
ible evidence of efficiency 
reduction at turndown. Ap- 
pendix A, which is included 
in the online version of this 
article, includes these data 
sets. Tables 1 and 2 show 
the specific calculations and 
parameters entailed for the 
stability determination shown 
in Figure 2. It is important to 
note that the Colwell clear 
liquid height calculation (HS) 
is nearly constant at about 
1.6 in. of liquid for the total 
reflux data runs 14,115 to 
14,119 in Table 1. 

For each of these data 


TABLE 2. MECHANICAL PARAMETERS FOR 
FIGURE 2 DATA 


Tower diameter, in. 48 
Bubbling area, ft2 9.25 
Top downcomer area, ft? iiS 
Bottom downcomer area, ft2 IES 
Open area, ft? IS 
Hole diameter, in. 0.5 
Hole pitch, in. 1.1875 
Tray thickness, in. 0.0625 
Outlet weir height, in. 2 
Outlet weir length, in. 37 


sets, a determination had to be made as 
to what exactly was the minimum sta- 
bility factor. This can be very subjective 
since the difference between a “good” 
tray efficiency point and a “bad” tray ef- 
ficiency point can have a large variation 
in stability factor value. The data sets 
taken by FRI back in the 1950s and 
1960s were primarily focused on maxi- 
mum capacity determination and were 
not as focused on finding exactly where 
tray efficiency drops off at turndown. The 
data set in the example given in Figure 3 
shows good efficiency at a stability fac- 
tor of 0.35 and much poorer efficiency 
at a stability factor of roughly 0.2. It is 
important to note that between stability 
factor values of 0.35 and 0.9, the tray 
efficiency in this chart is fairly constant 
between 95 and 110%. It is very diffi- 
cult to determine exactly from Figure 3 
at what low stability factor the tray ef- 
ficiency would have started to fall signifi- 
cantly below approximately 90%. There- 
fore, the data in Appendix A contains the 
best “subjective” guess as to what the 
minimum stability factor should be and a 
range where that minimum stability fac- 
tor will be found. This was performed for 
all 91 data sets. 

Appendix A shows the data from 
FRI with the subjective stability fac- 
tor determinations. This appendix also 
contains a number of key mechanical, 
as well as physical property, param- 
eters for each analyzed set. The me- 
chanical parameters include: outlet weir 
height, outlet weir length, tray spac- 
ing, sieve hole diameter, hole area, tray 
thickness and downcomer type. The 
physical property variations are: type 
system, operating pressure, surface 
tension, weir loading, vapor density and 
liquid density. 
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Physical property impact 
One of the first things no- 
ticed by the author when 
analyzing the data in Ap- 
pendix A was that there is a 
strong influence of physical 
properties on the minimum 
stability factor. 

The data for ¥2-in. diam- 
eter holes, 2-in. tall outlet 
weirs, 24-in. tray spacings 
(TS), 16-gauge tray decks, 
33- to 37-in. weir lengths 
and 8.3 to 8.6% open area, 
are shown in Figure 4. This 
curve uses surface tension, 
o, as the correlating param- 
eter. The data shown in Fig- 
ure 4 result in a well-defined 
curve. The best-fit equation 
for the curve through these 


data points is shown in 
Figure 4. 
Other physical proper- 


ties, such as liquid density 
and vapor density, can be 


used as potential correlating param- 
eters as well. The best least-squares 


Stability versus weir height at 165 psia 


efp=.083 
@fp~.137 


2 3 
Outlet weir height, in. 


FIGURE 6. The effect of weir height on stability is 
small, but worth noting still 


FIGURE 7. The open-area effect (fp) has a noticeable 
influence on the minimum tray stability 


Stability versus hole diameter 


04 06 os : 5 a 


Hole diameter, in. Tray spacing, in. 


FIGURE 8. At constant open area, weir height and oper- 
ating pressure, it appears that hole diameter has a small 
effect on stability 

fit for the data shown in Fig- 
ure 4 was found by using vapor den- 


FIGURE 9. The effect of tray spacing on stability 
is negligible 
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( 
Nmin= 10.5664-+ {0.4794 (1 — e(0-27615(Ln()))}] x {1.1—(0.05How)} (0.083/fp)0-33 
Nmin= [0.5664 + {0.4794 (1 — €9-27615L(.)}] x {1.1- (0.05How)} (0.083/fp)®-33 x [0.858 +0.142(Dp/0.5)] 
Nmin = 0.2780°372 (1.1 -(0.05How)}(0.083/fp)0-33 x [0.858+0.142(D,/0.5)] 


Stability versus weir loading, 165 psia 


1.000 1500 2.000 2500 3.000 3500 4,000 


Weir loading, GPM/in. 


FIGURE 10. Weir loading is also shown to have a negli- 


gible impact on stability 


Stability parity plot 


FIGURE 11. A parity plot is shown comparing Equation (8) 


to the FRI run data 


FIGURE 12. This parity plot compares stability calculated 
using Equation (9) to the observed stability 


STABILITY FACTOR EXPRESSIONS 
Nmin= [0.5664 + {0.4794 (1 - e0:27615Ln(e.))}] x {1.1 -(0.05How)} 


sity, as seen in Figure 5. Using vapor 
density, in the author’s opinion, made 
the most sense because it clearly 
is indicative of operating pressure, 
but it is also one of the key physical 
properties in determining the stability 
calculation itself. 


Mechanical property influences 
After establishing that vapor 
density has the best fit and 
that it has a significant influ- 
ence on tray stability, several 
mechanical features, and 
their effect, were examined 
next. The data sets in Ap- 
pendix A include quite an 
assortment of tray mechani- 
cal design features that may 
need to be included into 
the equation shown in Fig- 
ure 5. The mechanical fea- 
tures that were examined 
are outlet weir height, per- 
centage of open area, weir 
loading, hole diameter and 
tray spacing. 

Outlet weir height’s effect 
on stability was examined 
first. It appears to be a small 
(but significant) effect when 
observing Figure 6, for ex- 
ample, at 165 psia. The out- 
let weir height effect should 
have been accounted for 
already in the Colwell cor- 
relation above; see Equation 
(5). However, in the author’s 
opinion, some residual weir 
height influence appears 
to be present. There was 
no data set with perfectly 
identical tray geometries 
for the wide range of out- 
let weir heights examined 
in Appendix A (from 0.0 to 
4.0 in.), but Figure 6 shows 
that the effect is there re- 
gardless. The data show 
a slight reduction in the 
minimum stability factor at 
taller outlet weirs. The ad- 
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justment was added to the equa- 
tion shown in Figure 5 and is shown 
as Equation (6) in the Stability Factor 
Expressions box. 

Open area was examined next. The 
open-area effect in Figure 7 is shown 
as fo, which represents fraction perfo- 
ration or percent open area divided by 
100. It is clear that open area has an 
effect on minimum tray stability factor. 
The Appendix A data were grouped into 
three major open area categories. One 
can see that lower open areas require 
higher minimum stability factors and 
higher open areas reduce the minimum 
stability factor. 

The adjustment (multiplier) for the 
open area effect was added to Equa- 
tion (6) and is expressed as Equation 
(7) in the above box. 

There also appears to be a small hole 
diameter effect, as can be seen in Figure 
8. This plot was generated at constant 
open area, weir height and operating 
pressure. The hole diameter affect ap- 
pears to be linear and significant. The 
adjustment (multiplier) needed to cap- 
ture the hole diameter effect into Equa- 
tion (7) was added and is now shown in 
the box as Equation (8). The minimum 
stability factor equation is now getting 
quite lengthy. 

Tray spacing was examined next, as 
seen in Figure 9. The effect appears to 
be negligible as, theoretically, it should 
be. Finally, for completeness, weir load- 
ing was examined, which should al- 
ready have been incorporated into the 
Colwell correlation, as shown in Equa- 
tion (5). The data appear to have no re- 
sidual weir-loading effects, as shown in 
Figure 10, since the data points are too 
scattered. In the author’s opinion, there 
is no adjustment needed to Equation 
(8) with regards to weir loading. 

Therefore, Equation (8) is the defini- 
tive equation for the minimum stability 
of sieve trays based on FRI public-do- 
main data. A parity plot for this equa- 
tion was generated, shown in Figure 
11, to see how well Equation (8) com- 
pares to all the data in Appendix A. 
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Observations 

Equation (8) shows us that the 2010 
work by the author was limited in 
scope, since the data evaluated 
were based only on air-water and 
air-lsopar simulator weeping ob- 
servations. The conclusion in 2010 
was that a fixed value of 0.6 was 
appropriate as a minimum guide- 
line for the stability factor. With the 
current work here, which now in- 
cludes real column efficiency data, 
the author now concludes that the 
minimum stability factor is heavily 
influenced by the operating pres- 
sure and, to a limited extent, by 
hole size, percentage open area 
and weir height. Figure 11 shows 
that Equation (8) does a reasonably 
good job of representing the data. 
However, because of the subjectiv- 
ity of determining exactly where the 
tray efficiency “drops off” in the data 
sets examined, there is a significant 
amount of scatter built into the data 
shown in Appendix A. A narrower 
error band than 25% in the Fig- 


ure 11 parity 


TABLE 3. BOUNDS FOR STABILITY FACTOR DEFINED IN EQUATION (8) 


plot would | Minimum Parameter 
have been Tray spacing 
preferable. Outlet weir height 

It is the au- 
thor’s opinion Pressure pag 
that Equa- Surface tension dynes/cm 
tion (8) will Vapor density Ib/ft3 


provide users 


Liquid density 


Ib/ft3 


with another 
way to look 
at sieve tray 


Delta density 


Ib/ft3 


turndown, as Weir loading 3.85 GPM/in. 
compared to 47 Percent open area 17.4 % 
applying tra- faa Tray thick 0.2 

ditional weep- .0625 ray thickness .25 in 


ing predictive 

methods that have led to poor re- 
sults. It is also the author’s opinion 
that, similar to the sieve tray results 
shown here, fixed opening devices 
should also have a minimum stabil- 
ity curve similar to Equation (8). 

In this article, an equation has 
been generated that defines the 
minimum tray stability factor value 
for sieve trays. The applicability of 


this equation covers a wide range 
of physical and mechanical pa- 
rameters, as shown in Table 3. The 
equation has been set up to be ex- 
trapolatable outside of the experi- 
ence bounds established in Table 3. 
This equation expands on the 2010 
work by the author, which was totally 
based on air-water and air-lsopar 
simulator data. 


For details visit adlinks.chemengonline.com/80073-15 
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In comparison to the authors 
2010 work, the new minimum sta- 
bility factor can now have values 
less than the 0.6 fixed value (as 
given in 2010) when column oper- 
ating pressures are high. However, 
when operating pressures are low, 
stability factor values will more than 
likely need to be higher than the 
original 0.6 value. 


Alternative equation 
An alternative equation based on 
surface tension for the minimum 
stability factor can be used, as 
expressed in Equation (9) in the 
box. The parity plot for this equa- 
tion, Figure 12, is really no different 
than the parity plot for Equation (8). 
Therefore, for those people who 
think that the controlling physi- 
cal property to best represent the 
pressure effect is surface ten- 
sion, then Equation (9), shown in 
the Stability Factor Expressions 
box, is a satisfactory alternative. E 
Edited by Mary Page Bailey 
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Show Preview 


he Water Environment Federa- 

tion Technical Exhibition and 

Conference (Weftec; www. 

weftec.org) will be held Octo- 
ber 18-20 at the McCormick Place 
Convention Center in Chicago, Ill. A 
selection of the products and services 
presented at the upcoming Weftec 
event are highlighted here. 


Use these flowmeters 

in short pipe runs 

This company has expanded its full- 
bore, magnetic FlowtraMag Meter 
product line (photo) to include two 
new pipe sizes — 1.5 and 3 in. This 
complements the existing 1-, 2- and 
4-in. sizes, to bring the total offer- 
ing to five sizes under the new 2581 
model number. A simplified design 
has been incorporated along with 
EPDM seals for greater chemical 
compatibility and application versa- 
tility. The flowmeter features a PVC 
body with standard titanium and op- 
tional Hastelloy C electrodes, mak- 
ing it appropriate for high-accuracy 
flow measurement in short pipe runs. 
High accuracy is achieved for these 
problematic runs with a modified 
sensor design that has shorter inlet 
and outlet pipe length requirements 
and certified factory calibration. The 
Hastelloy C electrode is suitable 
for expanding the meter’s chemical 
compatibility for media not suitable 
for use with titanium. Applications 
for the new meters include: water- 
treatment skids; batch processing; 
chemical processing and transport; 
fluid dispensing; water distribution; 
reverse osmosis; liquid delivery sys- 
tems; clarified effluent; metal recov- 
ery; landfill leachate; and many more. 
Booth 3660 — GF Piping Systems, 
Irvine, Calif. 

www.gfps.com 


Corrugated-tube heat 
exchangers for viscous media 
This company’s — corrugated-tube 
heat exchangers (photo) are de- 
signed to be suitable in larger sys- 
tems for the treatment of dirty water, 
effluent and even digestate from 
anaerobic digestion (AD) plants. For 
some types of viscous material, a 
corrugated tube provides sufficient 
turbulence to prevent the need for 


additional mechanical agitation, 
such as in a scraped-surface or 
screw-driven heat exchanger. Cor- 
rugation in the tubes creates turbu- 
lence, which prevents viscous mate- 
rials sticking to the wall of the tube, 
where they can act as insulation and 
prevent efficient heat transfer. The 
turbulence also prevents materials 
in suspension from dropping out of 
the carrier fluid and having a similar 
effect. Corrugated tubes therefore 
have a higher heat-transfer rate than 
a smooth tube of the same length, 
meaning that heat exchangers using 
corrugated tubes can be made 
smaller. Booth 3849 — HRS Heat 
Exchangers Ltd., Watford, U.K. 
www.hrs-heatexchangers.com 


Use this feed pump for dosing 
gas-forming chemicals 

The Chem-Feed CD1V multi-diaphragm 
chemical-feed pump (photo) features 
4-20-mA input and enables dosing with 
gas-forming chemicals, such as per- 
acetic acid or sodium hypochlorite. The 
pump’s Dual Diaphragm Hyperlink drive 
technology operates so that when the 
first diaphragm is in the suction phase, 
the second diaphragm is in the dis- 
charge phase, which creates smooth, 
near continuous fluid flow. This multi- 
diaphragm pump is self-priming, and 
will not vapor lock. CDV1 includes a pat- 
ented DiaFlex ultra-durable diaphragm, 
which avoids breakdown or delamina- 
tion. Booth 3224 — Blue-White Indus- 
tries, Huntington Beach, Calif. 
www.blue-white.com 


A new aeration device powered 
by the Venturi effect 

The EchoStorm static Venturi aera- 
tion device (photo) is designed to 
add dissolved oxygen into liquids 
as they are being pumped. As the 
liquid moves through an internal 
nozzle, a drop in pressure is cre- 
ated known as the Venturi effect. 
The Venturi effect creates a vac- 
uum, and ambient air is drawn into 
the body of the EchoStorm. The air 
then mixes with the pumped liq- 
uid and is discharged, oxygenating 
the liquid. The EchoStorm is avail- 
able in 2-in. (50 mm), 3-in. (75 mm), 
4-in. (100 mm) and 6-in. (150 mm) 
sizes. Depending on the pump it is 
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paired with, the EchoStorm can provide flows from 
50 to 1,300 gal/min (8.2 to 82.0 L/s) with up to 857 
lb (889 kg) of dissolved oxygen per day. Unlike other 
methods of aeration, the EchoStorm is mounted on the 
bank of the basin, tank or lagoon allowing for simple 
maintenance. Booth 2012 — Gorman-Rupp Pumps, 
Mansfield, Ohio 

www.grpumps.com 


These rotary-lobe pumps 

avoid pulsation and backflow 
The new BLUE- 
line Nova ro- 


tary-lobe pump 
1 g N (photo) features 
y w a newly designed 


rotor that ensures 
nearly pulsation- 
free pumping 
at pressure up 
to 12 bars. The wide sealing surfaces of the screw- 
profile rotor prevent backflow of media. A modified 
pump chamber, featuring optimized inlet and outlet 
geometry and wrap angle, promotes the performance 
of the dual-lobe rotor and improves volumetric effi- 
ciency, says the manufacturer. Furthermore, the large 
seal chamber of the pump provides space for different 
types of sealing systems. BLUEline Nova pumps are 
available with or without casing. The casing-free ver- 
sion offers minimal dead space and can be cleaned 
according to hygienic procedures. The protected cas- 
ing-equipped version works well for pumping abra- 
sive media. Booth 1309 — Börger GmbH, Borken- 
Weseke, Germany 

www.newblueline.com 
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Solving gas-flow problems 
with a semi-open impeller 
s s This company recently 
worked with Eastman 
Chemical to address a 
problematic vertical in- 
line-style pump, which 
experienced erratic, pe- 
riodic vapor locking. The 
gas load was too high 
| Fe for the pump’s closed- 
Ga style impeller and casing 
to handle. To optimize the system, suction pressure, 
flow, head, gas concentration and piping layout were 
evaluated. This company was able to provide an API 
OH2-style pump (photo), using a special semi-open 
impeller, which is suitable for three-phase liquid ser- 
vice. This special pump hydraulic design allows, in 
certain working conditions, up to 25% entrained gas 
by volume in the liquid without any impact on the 
pump’s performance. Booth 4004 — Emile Egger & 

Cie SA (Egger Pumps), Cressier, Switzerland 
www.eggerpumps.com E 
Mary Page Bailey 
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New, durable forged heads 

for cone crushers 

The new Xtreme (forged) head (photo) 
is designed for use with cone crushers 
in extremely demanding conditions, 
and complements this company’s 
Elect (traditional-cast) and Enhanced 
(heavy-duty) crusher heads for Nor- 
dberg MP800, MP1000, MP1250, 
HP800 and HP900 crushers. Forged 
as a complete one-piece product, the 
Xtreme head’s advanced geometrical 
features assure consistent bearing 
loading within machine-design pa- 
rameters. — Metso Outotec Corp., 
Helsinki, Finland 

Wwww.mogroup.com 


Vertical blenders for sanitary 
applications under vacuum 

This company’s sanitary vertical blend- 
ers (photo) are engineered for rapid 
homogenization and drying in delicate 
applications under vacuum. The de- 
sign avoids the destructive effects of 
heat on unstable ingredients, and it 
promotes vaporization at lower tem- 
peratures during gentle agitation while 
preventing oxidation. Sanitary aspects 
of the machine, including the cantile- 
vered screw without bottom support, 
eliminate dead zones and ensure 
total discharge. For cooling or heat- 
ing needs, the cone wall features a 
100-psig dimpled jacket with mineral- 
wool insulation and stainless-steel 
sheathing. Washdown-duty motors 
accommodate intensive facility-clean- 
ing protocols. — Charles Ross & Son 
Co, Hauppage, N.Y. 
www.mixers.com 


Improve turbine reliability with 
this oil-cleaning system 

Vartech Industrial System Cleaner 
(ISC; photo) provides turbine opera- 
tors with a non-solvent-based solu- 
tion for removing varnish and sludge 
in turbine-oil systems. Vartech ISC can 
be added directly to oil during opera- 
tion to clean varnish and sludge be- 
fore a scheduled oil change. Vartech’s 
advanced chemistry helps improve 
oxidation stability, reduce oil degrada- 
tion and inhibit the precursors of van- 
ish formation, all while demonstrating 
excellent seal compatibility. This sys- 
tem compatibility also reduces per- 
formance impact for the new oil when 


flushing is impractical, and it does not 
need to be used in conjunction with a 
varnish filtration system. — Chevron 
Lubricants, San Ramon, Calif. 
www.chevronlubricants.com 


This pipe combines corrosion 
resistance and durability 

DetaPipe (photo) is a new high-perfor- 
mance clad-metal pipe product de- 
signed for use in corrosive, high-tem- 
perature processing environments. 
DetaPipe is produced using a propri- 
etary process that joins corrosion-re- 
sistant alloys, such as zirconium and 
titanium, to lower-cost, base metals, 
such as carbon steel, providing the 
same corrosion resistance of higher 
alloys alongside the mechanical de- 
pendability of carbon steel. The prod- 
uct delivers greater fracture toughness 
and performance compared to solid 
zirconium or titanium pipe, says the 
manufacturer. DetaPipe is available 
in a straight-pipe spool with a nomi- 
nal pipe size (NPS) from 6 to 30 in. in 
diameter, up to 8 m in length, and a 
typical cladder thickness greater than 
4 mm. Engineers can also work with 
users to develop custom sizes. — 
NobelClad, a business of DMC Global 
Inc., Broomfield, Colo. 
www.nobelclad.com 


The first digital 
pressure gage with IO-Link 
The MAN-LC (photo) is said to be the 
only digital pressure gage available 
with IO-Link. The device includes two 
configurable outputs that form part 
of a standard instrument and may 
be custom-programmed by users as 
desired. The display screen features 
a five-digit display with digit height of 
0.63 in. The screen module can be 
rotated for side-mounted or inverted 
installations. The head position can be 
radially adjusted after installation for 
precise positioning. An optional rubber 
protective case is available for vulner- 
able areas of installation. Unique to the 
industry, the MAN-LC’s programming 
menu includes the calculation of force 
value over a custom reference area, 
which is particularly useful for equip- 
ment testing. — Kobold Instruments, 
Inc., Pittsburgh, Pa. 
www.koboldusa.com E 
Mary Page Bailey 
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f Feature Report 


Sequencing Batch 
Reactors for Water 
Treatment 


sequencing batch reactors (SBRs) are a variation on the activated sludge process in wastewater 
treatment. This article provides an overview of SBRs, including their history, current use and 
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SBRS OF THE FUTURE 


equencing batch reactors (SBRs) 

are a type of wastewater treatment 

technology that are variations on 

the well renowned activated sludge 
process. Unlike the conventional activated 
sludge process, an SBR is a batch pro- 
cess that combines equalization, biological 
treatment and final settlement in a single 
tank, therefore removing the need for inde- 
pendent final settlement tanks and recycle 
streams. This article provides an overview 
of SBR technology and operation, and, in 
addition, explores characteristics of SBRs 
of the future. 


SBR HISTORY 
In the early 20th century, two engineers by the 
names of Edward Arden and William Lock- 
ett, under the guidance of Gilbert Fowler, 
developed the activated sludge process and 
created a legacy that changed the face of 
wastewater-treatment engineering and a 
technology that remains prevalent today. 
The key development of the activated sludge 
process involved aerating sewage and, in- 
stead of disposing of the sludge produced, 
retaining the sludge for mixing with a fresh 
batch of raw sewage. Because the retained 
sludge had been previously oxidized, it was 
considered to be “activated,” and hence was 
given the name “activated sludge” [7]. 

In more recent times, an activated sludge 
plant is predominantly 


principle that is more akin to the SBRs that 
are in operation today. Therefore, one could 
suggest that the history of the SBR process 
begins as early as 1914. This fill-and-draw 
operating principle was short-lived, how- 
ever. By 1920, most of the early activated 
sludge plants had been converted to con- 
tinuous flow-through systems, where the 
activated sludge was continually separated 
in a downstream settlement tank, which was 
segregated from the main aeration tank. 
The transition to continuous flow-through 
systems was driven by shortcomings in the 
early fill-and-draw designs. These short- 
comings included clogging of the air diffus- 
ers during sludge settlement and the need 
for increased operator intervention to switch 
valves and clean the diffusers [7]. 

It wasn’t until the early 1960s that the de- 
velopment of batch-flow wastewater treat- 
ment processes was resumed. A. Pasveer 
established a _ variable-volume oxidation 
ditch technology that was rather similar to 
the fill-and-draw activated sludge plants of 
the 1910s, but with a more refined operating 
protocol. The phases of this process were fill 
and aerate, fill and settle, and effluent draw. 
This sequence of phases is the foundation 
for many of the SBR operating protocols that 
we see today. 

Following this reinvigoration of variable- 
volume activated sludge processes, the 
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known to be a con- | Tank1 Fill/aerate Settle Decant 
tinuous process, but | Tank 2 Settle Decant Fill/aerate 
in fact, the first acti- Tank 3 Decant Fill/aerate Settle 
boo ea Peiz Tank 4 Fill/aerate Settle Decant Fill/aerate 
and Lockett oper- [Hour 1 2 3 4 
ated on a fill-and-draw FIGURE 1. This figure illustrates four-hour SBR cycle timings 
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Tank 1 Fill Aerate Settle Decant Idle 
Tank 2 Settle Decant Idle Fill Aerate 

Tank 3 Aerate Settle Decant Idle Fill Aerate 

Tank 4 Aerate Settle Decant Idle Fill 

Hour 1 2 3 4 5 6 


FIGURE 2. This figure illustrates six-hour SBR cycle timings 


technology was further advanced 
by Robert Irvine and William Davis 
who, in their 1971 paper titled, 
“Use of sequencing batch reactors 
for waste treatment: CPC Interna- 
tional, Corpus Christi, Texas” first 
coined the term “sequencing batch 
reactor” [2]. In their continued work 
during the 1970s, Irvine and Davis 
manipulated the SBR operating 
conditions in such a way that fa- 
vored the growth of floc-forming 
biomass with good settleability. 

By the same time, improvements 
had been made to aeration devices 
and control systems, which made 
the SBR more competitive with the 
conventional activated sludge plants 
of the period [3]. 

The developments made by Pas- 


veer, and by Irvine and David, as 
well as the improvements to SBR 
components, formed the foundation 
of SBR design that would serve as 
the starting point for the number of 
variants of the SBR technology that 
soon followed. 


SBR OPERATION 
The operating cycle of all SBR pro- 
cesses have, at the least, periods of 
the following phases: 
s Fill 
e Aerate 
e Settle 
e Decant 

Additional phases that could also 
be implemented include anoxic mix 
and idle. 

The phases may be overlapped or 


combined in several ways, and can 
last for different durations depend- 
ing on the chosen SBR process. The 
overall cycle time is generally 4-6 
hours and typically, multiple tanks are 
installed in parallel, with their phases 
out of sync with each other. Figures 
1 and 2 show example cycle timings 
for a 4- and 6-hour SBR, respectively. 

While the duration of each operat- 
ing phase is generally fixed, there are 
some SBR configurations that have 
variable-phase durations. These 
SBRs will usually switch phases de- 
pending on the value given by a pro- 
cess monitor, as opposed to a timer. 
For example, an ammonia reading 
that reaches a sufficiently low value 
could be used to end the aeration 
phase and begin settlement. 


For details visit adlinks.chemengonline.com/80073-21 
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FIGURE 3. The inputs and outputs of the aerobic biological oxidation of organic matter are shown here 


Fill phase 

During the fill phase, wastewater en- 
ters the SBR tank, generally through 
an open actuated isolation valve or 
penstock. When the tank is not in 
the fill phase, the inlet valve or pen- 
stock will be closed. At the start of 
the fill phase, the wastewater will be 
at the lowest water level in the tank 
and will continue to rise until the fill 
duration timer has elapsed or a par- 
ticular top water level setpoint has 
been reached, depending on the 
SBR configuration. 

If the fill phase has a fixed dura- 
tion, then it is possible that the SBR 
system can be designed to have a 
continuous influent. This eliminates 
the need for an upstream buffer 
tank. If the fill phase has a variable 
duration, or there are periods in the 
overall SBR cycle where no tanks are 
receiving flow, then an upstream buf- 
fer tank is required. 

Almost all of the phases listed 
above can be run at the same time 
as filling (for example, fill with aera- 


tion, fill with settling, fill with decant- 
ing and so on). However, care must 
be taken when operating with fill/ 
settle or fill/decant phases because 
high influent flows during this pe- 
riod may disturb the settled sludge 
blanket, causing solids to enter the 
treated effluent. This situation should 
be avoided at all costs. 


Aerate phase 

The aerate phase follows, or occurs 
simultaneously with, the fill phase. 
During this period, air is introduced 
into the wastewater through an 
array of diffusers, providing oxygen 
for aerobic biological reactions, and 
mixing energy to ensure uniform 
aeration throughout the volume of 
the tank. The primary aerobic reac- 
tion is the biological conversion of 
soluble and colloidal organic com- 
pounds into water, carbon dioxide, 
soluble microbial byproducts and 
cell growth (Figure 3). This conver- 
sion is quantified in terms of biologi- 
cal oxygen demand (BOD) removal. 
Other biologi- 


Cole-Parmer 


Task Environmenta 


FIGURE 4. The photos show: a coarse bubble diffuser (upper left; Cole Parmer); 
surface aeration (upper right; EnviroPro); submersible aerators (lower right; Sul- 
zer); and jet aeration (lower left; Task Environmental Engineering) 


cal reactions 
include the 
oxidation of 
ammonia to 
nitrite, and 
nitrite to ni- 
trate, as well 
as the uptake 
of phospho- 
rus within 
the cells of 
phosphorus- 
accumulating 
organisms. 
These can be 
included or 
excluded in 


the design, 
depending on 
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the needs of the SBR. 

The amount of oxygen required 
is a function of the BOD removed, 
the excess mass of biomass pro- 
duced, and also the mass of ni- 
trogen oxidized, if this is required. 
This value is known as the actual 
oxygen-transfer rate. The standard 
oxygen-transfer rate is the amount 
of oxygen required for the biologi- 
cal reactions when accounting for 
several different factors, including 
the actual oxygen-transfer rate, Ox- 
ygen-to-water transfer rate, diffuser 
fouling, dissolved-oxygen (DO) op- 
erating setpoint, water temperature, 
aeration depth and so on. From this 
value, the required air flowrate can 
be calculated. 

Naturally, a number of these fac- 
tors, as well as the amount of BOD 
removal required, varies throughout 
the day and year, so the air blow- 
ers should either operate in a pulse 
mode or allow variable speeds to 
avoid wasteful over-aeration of the 
biomass. Generally, with a variable- 
speed motor, the air-blower motor 
speed is controlled with a propor- 
tional-integral-derivative (PID) loop 
to meet a dissolved oxygen setpoint. 
Typically, the dissolved oxygen con- 
centration setpoint is 2 mg DO/L. 
Some more advanced SBR systems 
use algorithms to determine the 
actual oxygen-utilization rate of the 
biomass to further reduce unneces- 
sary air usage. 

There are a number of different 
systems for introducing air into the 
wastewater, each with its own ben- 
efits and weaknesses. These in- 
clude the following: 

e Coarse bubble diffusers 
e Fine bubble diffusers 

e Surface aeration 

e Submersible aerators 

e Jet aeration 

In early SBR installations, coarse 
bubble diffusers were common, 
but these are rarely used in mod- 
ern designs due to their propensity 
to block. The blocking is caused by 
biomass clogging the diffuser holes 
during the phases with no aeration. 

With an operating principle that is 
similar to coarse bubble diffusers, 
but with smaller holes, fine bub- 
ble diffusers have been used with 
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greater success. Fine bubble diffus- 
ers are available in a few different 
geometries (tube, disk, plate and 
dome) and in a few typical materi- 
als, such as rubber, flexible plastic 
or ceramic. The small holes reduce 
the likelihood that the diffusers will 
block, compared to coarse bubble 
diffusers. In addition, the smaller 
holes lead to finer air bubbles and 
therefore, a greater overall surface 
area. This results in a greater oxy- 
gen-transfer efficiency. 

Jet aeration works on the prin- 
ciple of drawing mixed liquor within 
the SBR tank via a pump and eject- 
ing it with air through a jet nozzle. 
This method provides a high effi- 
ciency of aeration and mixing, and 
can easily provide anoxic mixing by 
switching off the air blower while 
keeping the mixed-liquor pump run- 
ning. However, the high aeration 
efficiency is generally only realized 
when installed in deep tanks (8 m) 
[4]. This could be an issue for some 
SBR systems that have lower maxi- 
mum tank heights due to their lim- 
ited decanting depths. 


Settle phase 

In the settle phase, aeration and 
mixing is stopped, and flocs (large 
clusters) of biomass that are formed 
in the preceding phases aggregate 
as a blanket and settle toward the 
base of the tank. In some SBR de- 
signs, the settle phase runs in par- 
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FIGURE 5. The figure shows diagrams and photos 
for different decanter types: a floating decanter 
(upper images; photo: Evoqua Water Technologies); 
motor-driven decanter (middle images; photo: SFC 
Umwelttechnik); and fixed-position decanter (bot- 
tom diagram) 


allel with a fill phase. Care must be 
taken when operating in this way so 
as to not disturb the sludge blanket 
so much that solids carry over into 
the treated effluent stream. 

How well the solids settle in an 
SBR system (or an activated sludge 
system) is typically quantified using a 
parameter known as the sludge vol- 
ume index (SVI). The SVI is defined 
as the volume in milliliters that is oc- 
cupied by 1 g of activated sludge 
after 30 min of settling. Generally 
speaking, the lower the SVI value, 
the faster the settling. Table 1 indi- 
cates the settling characteristics at 
various SVI levels. 


Decant phase 

At the end of the settlement phase, 
a working SBR will have two distinct 
layers: the sludge blanket layer to- 
ward the base of the tank; and the 
clear treated effluent layer that sits 
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TABLE 1. SOLIDS-SETTLING CHARACTERISTICS AT VARIOUS SLUDGE VOLUME INDEX RANGES 


Sludge volume Settling characteristics 
index, mL/g 


< 80 


Large dense flocs with a granular appearance are formed with rapid settling character- 


istics. Although fast settlement is achieved, a good sludge blanket is rarely formed. Be- 
cause of this, minute pin-flocs are not captured, which can lead to a turbid effluent [5]. 


80 — 120 


The flocs formed in this range are still rather large and settle well. While they do not settle 


as quickly as granular sludge, the flocs do form a good sludge blanket that captures the 


pin-flocs. 
120 — 200 


This is the typical range for the majority of activated sludge and SBR plants. The flocs are 


of average size, they settle at a steady rate, and form a good sludge blanket. 


> 200 


An SVI that is greater than 200 mL/g indicates poor solids settleability. The sludge looks 


light and fluffy and is not very dense. This is often attributed to the excessive growth of 
filamentous bacteria, which decrease the overall sludge density by acting as a bridge that 
hold floc-forming bacteria apart from each other. 


above the sludge layer. In the decant 
phase, a portion of this treated efflu- 
ent is removed from the system via a 
decanter. There are several decant- 
ing methods and devices available 
that are either off-the-shelf units or 
unique to specific SBR variations. In 
any case, the decanting device that 
is chosen should align with the fol- 
lowing design considerations: 
e Mixed liquor should not enter the 
decanter at any time during fill, aer- 
ate, anoxic mix or settlement phases 
e Settled sludge should not enter the 
decanter during the decant phase. 
This may happen if the decanter is 
lowered too quickly or too far, both 
of which disturb the sludge layer 
s Floating scum should not enter the 
decanter when decanting 
e The decanting rate should be con- 
trollable, if possible, to match the 
varying influent conditions 

The various designs of decanting 
devices can be generalized into three 
categories: floating, motor-driven and 
fixed position. Example images and 
diagrams can be seen in Figure 5. 

Floating decanters and motor- 
driven decanters operate on a similar 
principle, in that treated effluent en- 
ters them through an orifice (or mul- 
tiple orifices) that move with the water 
level as it decreases in the tank. Float- 
ing decanters accomplish this pas- 
sively with a floatation device, while 
motor-driven decanters do this by 
actively driving the decanter arm into 
the water at a controlled rate. These 
types of decanters offer the benefit of 
starting the decanting from the sur- 
face of the water. This means that 
by the time the decanter reaches the 
bottom water level, extra settlement 


will have occurred. This reduces the 
risk of solids carryover. 

In contrast, fixed-position decant- 
ers do not move with the water 
level, and instead draw treated ef- 
fluent from a fixed position (or mul- 
tiple positions) under the surface of 
the water. The ability to decant from 
a fixed position relies on complete 
settlement having occurred in the 
settlement phase. If solids settle- 
ment in the settlement phase is 
insufficient, then solids carryover 
could occur immediately in the de- 
cant phase. Additionally, with rudi- 
mentary fixed-position decanters, 
settled sludge may get sucked into 
the effluent pipe if the local flow ve- 
locities are too high. 

However, a potential benefit of 
fixed-position decanters is that 
they offer more flexibility in tank ge- 
ometry. Floating and motor-driven 
decanters are limited by a certain 
decanting depth, whereas fixed-po- 
sition decanters do not have such 
a limitation. This means that the 
tanks can be tall and narrow, and 
therefore have a smaller footprint 
compared to an SBR with floating 
or motor-driven decanters of an 
equivalent capacity. Nonetheless, 
with a tall, thin tank, the settlement 
phase will need to be longer in dura- 
tion than that of a shallow tank, be- 
cause the sludge blanket needs to 
travel a greater distance in order to 
fall below the fixed outlet pipe. 


SBRS OF THE FUTURE 

In the U.K. around the late 1990s 
to early 2000s, many SBRs were 
installed, but a great number of 
these installations suffered from 
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poor settlement caused by the ex- 
cessive formation of filamentous 
bacteria. This, in turn, caused many 
consent failures when solids carried 
over into the treated effluent [6]. As 
a result, SBRs fell out of favor with 
many water companies, and sev- 
eral were even replaced with con- 
ventional activated sludge plants. 

However, in more recent years, 
SBRs are seeing a resurgence with 
improved designs to combat the is- 
sues with filamentous bacteria for- 
mation. Some of the improvements 
include incorporating greater control 
over aeration rates, return activated 
sludge flowrates and decanting 
rates, and incorporating a selector 
zone to favor the growth of floc- 
forming bacteria over filamentous 
bacteria. SBRs are at the stage now 
where they can reliably deliver com- 
pliant treated effluent while minimiz- 
ing the risk of solids carryover. 

In the U.K. water industry, current 
and future drivers of wastewater 
treatment works are heavily based 
around nutrient (nitrogen and phos- 
phorus) removal. In addition, the 
delivered solutions are generally re- 
quired to have low energy require- 
ments and small footprints, which 
is important in areas where land 
availability is a premium. Therefore, 
the future of SBRs lies in increasing 
the performance of nutrient removal 
and further driving down the foot- 
print and energy usage. 

To some degree, this is being done 
today already. For example, certain 
SBR variants incorporate biological 
phosphorus removal by providing 
the ideal conditions for the growth 
of phosphorus-accumulating organ- 
isms (PAOs). This, combined with 
high solids settlement and capture ef- 
ficiency, has led to effluent total phos- 
phorus concentrations of less than 1 
mg/L without chemical dosing. 

Another significant development is 
the optimization of process biology 
to select for so-called “macrofloc” 
formation over filamentous bacterial 
growth. These macroflocs consist 
of an external aerobic zone and an 
internal zone that remains anoxic 
even during the aeration phase, and 
this means that both nitrification 
and denitrification occur simultane- 
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ously. They also settle very rapidly, 
allowing a defined settlement phase 
using a driven decanter. 

In terms of physical footprint, 
these SBR variants that consistently 
produce large flocs that settle well 
means that the system can operate 
at a higher mixed-liquor suspended 
solids concentration. Because of 
this, the volume required to achieve 
the desired level of biological treat- 
ment is lower, and so the plant foot- 
print is also smaller. 

Driving down energy usage is an 
aim for any treatment process, but 
for SBRs, this primarily comes in the 
form of reducing air usage. Instead 
of the standard residual dissolved- 
oxygen control, some modern SBRs 
utilize algorithms to control aera- 
tion, both in terms of intensity and 
duration. This effectively reduces 
wasteful over aeration and hence, 
reduces energy consumption. 

The overall target of future SBR 
development is to increase the per- 


formance of total nitrogen and phos- 
phorus removal, and to decrease 
plant footprint and energy consump- 
tion to the best possible extent. E 

Edited by Scott Jenkins 


Author 


Ben Hazard is a process engi- 
neer at Te-Tech Process Solutions 
(Contech House, Unit 2 Chapel 
Lane, Rushington Business Park, 
Southampton, U.K. S040 9AH; 
Phone: +44 023 8235 1600; 
Email: enquiries@te-tech.co.uk, 
www.te-tech.co.uk). Hazard grad- 
uated with a master’s degree in 
chemical engineering from 
Loughborough University and spent a year with Affinity 
Water before joining Trant Engineering as a process 
engineer, where he worked on a number of projects in 
water, wastewater and general processing. In 2021, 
Hazard moved into Trant’s newly formed subsidiary Te- 
Tech Process Solutions, where he specializes in the 
design, construction and commissioning of wastewater 
treatment plants. 


References 


1. Wilderer, P. A., Irvine, R. L. & C, G. M. “Sequencing Batch Reac- 
tor Technology,” IWA Publishing, 2001. 


2. Irvine, R. and others. “Use of Sequencing Batch Reactors for 
Waste Treatment,” Texas., 1971. 


3. US Environmental Protection Agency. Wastewater Technology 


CHEMICAI]L ENGINEERING WANA CHEM ENCON! INE COM SEPTEMRER 2091 


ice 0 


f Water, 1999. 


Fact Sheet, Sequencing Batch Reactors, Washington, D.C.: Of- 


4. Metcalf and Eddy, “Wastewater Engineering Treatment and Re- 


and Horan, N., Sequencing Batc 


Conference,, 2014. 


Additional resources 


Cole Parmer, 


able at: 
iffuser-3 


d 
EnviroPro, 
W 


Sulzer, S 
E 


h 
ment pla 
systems/ 


Evoqua Water Technologies, 


Available 
-S€ 


ww. enviropt 
ax-surface- 


igh performance aeration system 
ts. [Online] Available at: task.be/en/jet-aeration- 


Plenum Coarse Bubble Diffuse 
www.coleparmer.co.uk/i/plenu 
04-ss-1 -ft-l/7002510 [Accessed 


, O2 Max surface aerators. [Onli 
0.C0.uk/entry/39029/Spaa 
aerators/ [Accessed 02 08 20 


ubmersible aerators [Online] Avai 


ulzer.com/en/shared/products/submersible- 
-xtak 


Task Envi 


Accessed 02 08 2021]. 


source Recovery.” 5th ed., New York, McGraw-Hill, 2014. 


5. — Trygar, R., 2015. TPOMAG - Back To Basics: What Is 
leability Test?. [Online] Available at: www.tpomag.com/ecito- 
rial/2015/05/back_to_basics_what_is_the_settleability_test 
Accessed July 2021]. 


6. Smyth, 
Present and Future, paper from the 8th Euro} 
agemen 


The Set- 


h Reactors: Past, 
pean Water Man- 


. [Online] Avail- 


-coarse-bubble- 


02 08 2021]. 
e] Available at: 


s-Babcock/02- 


21]. 
able at: www. 
aerator-type- 


ronmental Engineering, Jet aera 


[Accessed 02 08 2021]. 


at: 


ent/ae 


for wastewater 


Floating decanter. 
www.evoqua.com/en/evoqua/products- 
vices/aerobic-wastewater-treat 


ion systems — 
reat- 


[Online] 


robic-systems/ 


solids-excluding-decanters/ [Accessed 02 08 2021]. 


SFC Umwelttechnik, Motor-d 


iven decanter 


able at: sfcu.at/ [Accessed 02 08 2021]. 


[Online] Avail- 


EET 


f Feature Report 
Backwash Tuning for 
Reliable Sand Filtration 


This practical guide provides information on proven backwash-tuning techniques that will 
improve the reliability and robustness of sand filters in water treatment applications 


44 


Part 2 


Nattapong 
Pongboot 

and Wiroon 

T S 

Global R&D Co., Ltd. 
Wirinya 
Karunkeyoon 
and Kanyaporn 
Lertwimolkasem 
PTT Global Chemical, 
Thailand 


IN BRIEF 


SAND FILTER OPERATION 


BACKWASH 
PERFORMANCE 


VALVE OPENING AND 


BACKWASH 


INEFFICIENT BACKWASH 
PROBLEMS 


GUIDE TO BACKWASH 
TUNING 


REAL-WORLD EXAMPLE 


FINAL 
RECOMMENDATIONS 


ater is a fundamental part of vir- 

tually all plants in the chemical 

process industries (CPI). Ex- 

amples of water usage include 
the following: makeup water for an open, 
recirculating cooling-water system; boiler 
feedwater for steam production; firewater; 
and others. Raw water must be treated or 
Clarified before being used as makeup water 
in most utility processes. Clarification and 
filtration remove suspended and partially 
dissolved solids, bacteria and other forms 
of impurities to help prevent system scale, 
corrosion, and fouling. 

A simplified flow diagram of a typical raw- 
water treatment plant is illustrated in Figure 1. 
Clarification takes place in three sequential 
steps, described here: 

Coagulation. Coagulants (Such as inorganic 
salts of aluminum or iron) are usually added 
to initiate coagulation. Because coagulation 
prefers high shear and rapid mixing, coagu- 
lants are generally injected into the feed line 
upstream of a static mixer. 

Flocculation. Flocculants (high-molecular- 
weight, water-soluble organic polymers) are 
typically added to enhance small particles’ 
agglomeration into larger particles. Floccu- 
lation ideally takes place in an environment 
with low shear, high retention time, and mod- 
erate mixing. Typically, flocculants are directly 
injected into a mixing zone of a clarifier. 
Sedimentation. Sedimentation is the physi- 
cal removal of agglomerated particles from 
suspension or settling, usually under low 
water velocity in a clarifier’s settling zone. 

In addition to coagulants and flocculants, 
disinfectants (such as sodium hypochlorite; 
NaOCl) are also ap- 


Clarifiers are available in the industry. A sludge 
blanket clarifier is one example (Figure 2). 
In most raw water clarification, a portion of 
the clarified water is filtered with the aid of a 
sludge blanket in the settling zone. Clarifier ef- 
fluents of 2-10 nephelometric turbidity units 
(NTU) may be improved to 0.1-1.0 NTU by 
conventional sand filtration. 

Generally, raw-water clarification is a 
highly manual process and often requires in- 
tensive human monitoring. Because of this, 
clarification is prone to process upsets. For 
example, a sludge blanket might disappear 
from excessive sludge draining (especially 
during the nightshift where visibility is an 
issue) and subsequently causes high turbid- 
ity in effluent water. 

When this happens, a downstream sand 
filtration system is the last resort to ensure 
acceptable suspended solids concentra- 
tions in the finished water, thus requiring 
extra care. In this article, the author outlines 
proven tuning and troubleshooting tech- 
niques to improve your sand filters’ reliability 
and robustness. Although pressure sand fil- 
ters are used as examples in this article, the 
main ideas expressed here are applicable to 
other types of sand filters or similar pieces 
of equipment. 


Sand filter operation 

Pressure sand filters are typically filled with 
multiple filter media (for example, sand or an- 
thracite) to enable deep-bed filtration mode. 
The use of different filter media is the main 
reason why they are also called multimedia 
filters. As shown in Figure 3, anthracite, with 
a larger particle size diameter, is placed on 


plied to suppress 
microbial growth. On 
rare occasions, pH 
adjusters, such as 
sodium hydroxide, 
can also be used for 
neutralization. 


Coagulant Disinfectant 


Flocculant 
Pongboot 


Treated Water 


Multimedia Filter 


Sludge 


Multiple types of 
plus filtration 
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FIGURE 1. The diagram shows a simplified raw-water treatment process, with clarification 
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FIGURE 2. In a sludge blanket clarifier, such as the 
one shown here, good sludge-blanket control is a 
crucial part of a successful operation. A periodic 
visual check for sludge level is essential, since 
there is no sludge level sensor available 
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FIGURE 3. A standard sand filter’s internals and 
simplified loading scheme may include multiple 
media used for better filtration (image courtesy of 
Serck Separation Technologies) 


top of smaller-diameter sand to trap 
larger-sized_ flocs/particles. This is 
followed by gravel as a support. As a 
typical design standard, flow distrib- 
utors are equipped to aid flow distri- 
bution in all operating steps. 

Table 1 summarizes the standard 
size and density of filter media used 
in multilayer filtration. For most de- 
signs, a filtration system consists of 
multiple filter vessels to allow peri- 
odic backwash without filtration op- 
eration being interrupted. 

As time progresses, the pressure 
drop across these filter vessels will 
gradually increase. Once the pres- 
sure drop reaches the maximum 


QUIS) 
Clarified Water 


Backwash Pump 


eee To combine with 


ae’ To combine with 


Scouring Air 


Muneza — To combine with 


limit (typically 1.0-1.2 bar 
for pressure filters), these 


filter vessels need to be | Media 
cleaned (backwashed) to Anthracite 
remove trapped particulate — sang 
matter, so they can again carnet 
return into service. Some l 
Magnetite 


operators use a turbidity 
breakthrough as the main 
criterion, while others just set a fixed 
timer to trigger backwash operation 
(for example, every 24 hours). 

Most sand filtration designs are 
relatively simple (Figure 4). They usu- 
ally employ a set of automatic on-off 
valves to enable each of the operat- 
ing steps shown in Table 2, along 
with other peripheral equipment, 
such as a backwash pump and air- 
scouring compressor. Generally, a 
programmable logic controller (PLC) 
controls these operating sequences, 
determining, for example, which 
valves need to be opened or closed, 
or when the backwash pump should 
be started or stopped. 

Routinely, these filter media need to 
be fluidized and expanded to a cer- 
tain extent by a counter-current back- 
wash flow for cleaning. In general, 
the degree of bed expansion dur- 
ing backwash operations should be 
greater than 10% for efficient clean- 
ing, but less than 20% to prevent fil- 
ter media loss. According to industry 
surveys, poor backwashing is the 
most frequent cause of filter failures. 

In addition to the degree of bed ex- 
pansion, the design backwash rate 
also depends on the size and density 
of filter media, as well as backwash- 
ing technique, but generally falls in 
the range of 37-61 m/h (as super- 
ficial velocity). Various air scouring 
strategies can 
be applied to aid 
backwashing: for 
example, air-first/ 
water-second or 
simultaneous air 
and water. It is 
very important to 
use filter media 
with consistent 
size and density 
to ensure the va- 
lidity of the design 
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FIGURE 4. A typical sand filter setup is shown here. Only one vessel is out- 


lined here, because all vessels are identical 
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TABLE 1. TYPICAL MEDIA USED IN MULTILAYER 
FILTRATION 


Specific gravity Effective size, mm 
1.4 0.7-1.7 
2.6 0.3-0.7 
3.8 0.4-0.6 
4.9 0.3-0.5 


Backwash performance 
During a field test, if backwash 
water is relatively clean at the outset, 
with insignificant turbidity increase 
throughout the backwash operation, 
it often means the backwash flow- 
rate is inadequate to clean the filter 
media. On the other hand, if there 
is a significant amount of anthracite 
(or sand) in the backwash water, the 
backwash flowrate is too high. 
Figure 5 shows real-world back- 
wash profiles of two different back- 
wash operations. The blue-colored 
trend implies that the backwash op- 
eration was highly efficient and com- 
pleted after 10 minutes. Additionally, 
the turbidity changes in a backwash 
cycle happened abruptly, with a sig- 
nificant peak in the second minute. 
On the other hand, the red-colored 
trend implies an inefficient backwash 
operation, indicated by the relatively 
flat turbidity profile. Regardless of the 
backwash duration, this filter vessel 
would never be thoroughly cleaned. 
As a general criterion, the American 
Water Works Assn. (AWWA; Denver, 
Colo.; www.awwa.org) has recom- 
mended terminating backwash when 
the turbidity is in the range of 10-15 
NTU [1]. In addition to water loss, ex- 
cessively long backwashing is also 
detrimental to the filtration process, 
contributing to post-backwash tur- 
bidity breakthroughs and requiring 
an extended ripening period. 


Valve opening and backwash 

Many sand filtration systems, espe- 
cially old or lower-budget units, do 
not have a dedicated flowmeter for 
backwash flow monitoring. Most of 
them rely on the valve opening for 
these on-off valves. As illustrated 
in Figure 6, both positioning bolts 
(circled) can be varied up to a cer- 
tain degree to regulate the backwash 
flowrate. In other words, these on-off 
valves serve two purposes in appli- 
cations such as these. Namely, as 
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An adequate 
maintenance pro- 
gram is a key to 
success, but at the 
same time, it could 
also be a burden. 

As part of preven- 
tive maintenance, 
these valves are 
periodically disas- 
sembled, repaired 
and tested at a local 
maintenance work- 
shop. Sometimes, 
an operator might 
observe malfunc- 
tions and request 
valve maintenance, 


FIGURE 5. The plot depicts efficient backwash (blue) and inefficient back- 
wash (red), with 1-min sample frequency. Photos by W. Karunkeyoon 


an on-off valve for sequential control 
and as a fixed-opening control valve 
for regulation of flow. 

The valve actuator’s nominal rota- 
tional angle in Figure 6 is 90 deg, but 
can be varied between 90+20 deg 
by altering the insertion length of the 
positioning bolts. The span of the 
rotational angle varies by actuator 
models and bolt lengths. 

In addition to on-off valves, some 
units install dedicated regulating 
valves to adjust the backwash flow- 
rate. As a preventive measure, these 
regulating valves should be locked 
with a car seal once the backwash 
flowrate is tuned to prevent acciden- 
tal adjustment. 


Inefficient backwash problems 
The functionality of these on-off 
valves is crucial to a successful op- 
eration. Their rotational movement 
should be smooth, while the seat 
tightness should be acceptable. 


which usually 
means more or less 
the same mainte- 
nance steps need to be performed. 

In the authors’ experience, these 
good intentions have often turned 
into a disaster. Many instrument 
technicians do not realize how im- 
portant it is to have a positioning bolt 
optimally adjusted. They just follow 
the standard maintenance procedure 
and put these valves back in place. 
More frequent than people think, they 
do so without inspecting the insertion 
length of positioning bolts. 

Quite often, the insertion length 
of these positioning bolts deviates 
from their optimal position after valve 
maintenance. More often, the engi- 
neer in charge does not even notice 
if the valve was removed for repair, 
as an area operator or shift super- 
visor is typically the one who gives 
maintenance permission. 

For a well-equipped system, there 
will probably be a flowmeter for back- 
wash flow monitoring. After the valve 
returns into service, a board opera- 
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FIGURE 6. Valve opening can be adjusted by varying positioning bolts (circled). Photo by K. Lertwimolkasem 
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tor or an engineer can monitor from a 
control room whether the backwash 
flowrate deviates from the original 
value. Ideally, the backwash flow- 
rate would be the same as before, 
and thus there would be no need for 
further adjustment. Conversely, field 
adjustment would be required if there 
are any significant deviations. 

As mentioned earlier, these water 
treatment units are mostly budget- 
ary. Some units are just outdated and 
poorly designed, especially when 
they are used as a support unit (as 
part of a petroleum refinery). In the 
past, one author (Pongboot) used to 
operate both a meticulously designed 
hydrocracker and a very poorly de- 
signed water treatment system at the 
same refinery. More often than people 
think, there is no flowmeter available 
for backwash flow monitoring. 

Failure to detect these anomalies 
can lead to performance issues of 
filtration systems. In one instance, 
some filter vessels hit the maximum 
allowable pressure drop in a short 
period after each backwash. To 
identify the problem, one of the au- 
thors (Pongboot) traveled to the site 
for investigation and found a signifi- 
cant amount of anthracite in water 
samples taken during backwash op- 
erations. These observations implied 
that these filter vessels had already 
lost their deep-bed filtration capability 
(for example, from excessive anthra- 
cite loss). The filtration mechanism 
had become cake filtration, where 
most of the carried-over sludge ac- 
cumulated at the top of the sand 
layer, rather than between, voids of 
an anthracite bed, causing premature 
plugging and a sharp rise in pressure 
drop. In this particular case, there 
was no flowmeter installed to monitor 
backwash operation. 

Similarly, an inadequate backwash 
flow also results in premature plug- 
ging of filter media, and it could be 
as bad as the situation shown in Fig- 
ure 7. The pressure drop across filter 
vessels will sharply increase over a 
short time and result in an unaccept- 
ably short cycle length with possible 
premature turbidity breakthrough. 
Additionally, overly frequent back- 
wash operation resulting from pre- 
mature plugging often causes water 
balance issues. On several occa- 
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FIGURE 7. A severely plugged multimedia filter is 
shown here. A top surface of anthracite was fully 
covered by carried-over sludge from an upstream 
Clarifier. This phenomenon can also occur when 
the anthracite layer is inadequate to enable deep 
bed filtration; for example, from anthracite loss 
sions, the author (Pongboot) could 
tell that the backwash flowrate was 
far too low by just observing back- 
wash water flowing into the under- 
ground drain. 

Apart from the issues mentioned 
above, an excessively high pressure 
drop can also lead to internal dam- 
age. For example, the air distributor’s 
welding seam shown in Figure 8 was 
cracked due to the chronic high- 
pressure drop, thus creating a gap 
that allowed anthracite and sand to 
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enter, then plug, air passages. The 
occurrence of air distributor damage 
rendered air scouring ineffective. 

After observing a significant 
amount of anthracite present in the 
backwash water, the author then in- 
spected each on-off valve associated 
with the backwash operation (valve 
numbers 7 and 8 in Figure 4). As per 
the author’s inspection, some posi- 
tioning bolts were misplaced (inser- 
tion lengths were too short). In other 
words, these valves had an overly 
wide opening, which in turn resulted 
in an excessively high backwash 
flowrate and losses of anthracite. A 
decision was made to reload new 
filter media into these filter vessels. 
As expected, the author observed 
a nearly complete loss of anthracite 
upon inspection. This finding was in 
line with the fact that these filter ves- 
sels had already lost their deep-bed 
filtration capability. 

Upon completion of reloading, 
these newly loaded filter vessels 
were then commissioned. As pre- 
viously pointed out, the insertion 


length of these positioning bolts 
was insufficient and needed to be 
re-adjusted. Backwash flow adjust- 
ment is a very challenging task when 
there was no flowmeter available. At 
this large production scale, measur- 
ing the water rise rate is not always 
practical, unless your sand filters are 
the open type (open gravity filters). 
For open gravity sand filters, the 
open filter vessel can be utilized as 
a level measuring chamber for back- 
wash flowrate estimation, which is 
not the case here. 

One might consider using non- 
intrusive flow sensors, such as an ul- 
trasonic flowmeter. This is a good op- 
tion, providing there is an adequate 
pipe straight-run. Unfortunately, 
these filter vessels and backwash 
systems are usually located close 
to each other and often in cramped 
spaces. Piping systems typically 
consist of many bends and relatively 
short pipe sections, rendering ultra- 
sonic flowmeters useless (Figure 9). 
Some piping materials, such as low- 
density plastics and rubber (or even 
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PTTGC 


sure drop 


thick paint), can attenuate signals or 
possibly create false echoes, caus- 
ing inaccurate flow measurements. 
A trial-and-error approach could 
also be carried out for a single fil- 
ter vessel to determine the optimal 
backwash flowrate by evaluating 
the turbidity of backwash water, for 
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FIGURE 8. A damaged and severely plugged air distributor 
with a gap (highlighted by the red circle). In this example, 
the air distributor was severely bended by excessive pres- 


example. However, this is not 
a trivial exercise. Even if the 
optimal backwash flowrate is 
eventually determined, a more 
critical question is how to en- 
sure the same backwash flow- 
rate for every filter vessel. The 
piping systems connecting 
these filter vessels are mostly 
asymmetric. Consequently, the 
backwash flowrate of each filter 
vessel will not be the same, de- 
spite the fact that all backwash 
inlet valves (valve no. 7 in Figure 
4) have the same opening. 


Guide to backwash tuning 
One technique that the authors 
have successfully applied in the 
past is to estimate the backwash 
flowrate using the pump character- 
istic curve. This technique has been 
proven to be effective and consistent 
on many occasions. If there is no 
flowmeter available onsite, one may 
consider the following recommenda- 
tions: 


CHEMICA!L ENGINEERING WWW CHEMENCON INE COM 


Recommendation 1. Have a clear 
flowrate target (Q) in mind, then de- 
termine a corresponding differential 
head (AH) from the pump charac- 
teristic curve (Figure 10). The authors 
recommend using the design back- 
wash flowrate (Qaesign) as a starting 
point. This corresponding AH can be 
converted into a differential pressure 
target across the main pump using 
the following formula. 


P discharge — '~ suction = Pwater gAH (1) 


Where: 
Paischarge ÎS a Pressure reading of 
the pressure gage located at the dis- 
charge of the main pump 
Psuction IS a Pressure reading of the 
pressure gauge located at the dis- 
charge of the spare pump 
Pwater iS the water density 
g is acceleration due to gravity 

For a deeper understanding of 
how to use field data, consider the 
system depicted in Figure 11. The 
main pump is in service, delivering 


For details visit adlinks.chemengonline.com/80073-27 
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assumption, 
and usu- 
ally sufficient 
for practical 
purposes (a 
reasonable 


guess is the 
objective 
FIGURE 9. These photos show a typical sand filter layout with numerous bends and here, not an 
short pipe sections exact solu- 
tion). 


water for a backwash operation. In 
this particular case, Pgischarge IS a 
pressure reading of PG1 (indicated 
by the red isobaric zone in Figure 
11), while Psuction iS a pressure read- 
ing of PG2. In other words, PG2 is 
an indirect indication of the suction 
pressure of the main pump, as in- 
dicated by the green isobaric zone 
highlighted in Figure 11. 

If no spare pump is available, just 
read a pressure gage located at the 
discharge line to estimate Pyuction 
before commencing the backwash 
operation. Based on the author’s 
experience, this is an acceptable 


Recommendation 2. Tune the 
backwash flowrate by adjusting the 
insertion length of the correspond- 
ing positioning bolts (valve no. 7 or 
8 in Figure 4). A good strategy is to 
start at a low flowrate to prevent filter 
media loss, for example, at 50% of 
the full insertion length, then gradu- 
ally increase the insertion length until 
the estimated backwash flowrate 
matches the design value. Another 
advantage of this tuning strategy is 
that corresponding positioning bolts 
will not be pushed against the in- 
strument air pressure, reducing the 
amount of effort required for the field 


adjustment. For most cases, a de- 
sign value is good enough to achieve 
efficient backwashing. 
Recommendation 3. After finish- 
ing a preliminary adjustment, it is 
recommended to repeat the back- 
wash performance test described 
earlier. If the performance is still 
unsatisfactory, consider increasing 
the backwash flowrate by 10%. The 
authors do not recommend going 
beyond 10% because it might result 
in excessive loss of filter media. In 
case the backwash performance is 
still unsatisfactory after increasing 
the backwash flowrate, the actual 
root cause of inefficient backwash 
operation should be identified (for 
example, an air scouring step might 
not be effective). 

Recommendation 4. Seasonal 
temperature variations can be sub- 
stantial in some areas. The colder 
the water is, the more filter media will 
expand at the same backwash flow- 
rate. The authors recommend tuning 
the backwash flowrate at the design 


For details visit adlinks.chemengonline.com/80073-28 
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Qola 


Pongboot 


is a tuned 
backwash 
flowrate 
from the 
hot sea- 
son; and 
Cg is a de- 
rating fac- 
tor, a ratio 
between 
two corre- 
sponding 
correction 
factors of 
two differ- 


300 


design 


Pongboot 


Check Valve 


= The isobaric zone representing the discharge 
pressure of the main pump 


= The isobaric zone representing the suction 
pressure of the main pump 


ent water 
tempera- 
tures Tor 
the same 
size and 
type of fil- 
ter media 

Recom- 
menda- 
tion 5. To 
ensure 


FIGURE 11. A simplified illustration of a typical backwash system and its isobaric zones 


good 
back- 


Pongboot 


Minimum Operating Level 


Storage Tank 


Observe media loss 


washing 
over a 
compre- 
hensive 
range of 
water lev- 
els in the 
storage 


Tune backwash flow 


Backwash Water 


FIGURE 12. This diagram shows a tuning strategy for varying water level 


value during the warm season and 
periodically checking for filter media 
loss during the cold season by ob- 
serving backwash water. These sea- 
sonal variations are another reason 
why the authors do not recommend 
adjusting the backwash flowrate be- 
yond 10% of its design value (a typi- 
cal design factor). Table 3 provides 
correction factors for standard sand 
and anthracite at different tempera- 
tures as a starting point for tuning. 
During cold seasons, Equation (2) 
can be employed to estimate the re- 
quired backwash flowrate. For better 
clarity, the authors will demonstrate 
its use in the subsequent example. 
Qooid = Ca X Qhot (2) 
Where: 
Qeoig iS an estimated backwash 
flowrate for the cold season; nat 


tank, tune 
the backwash flowrate when the 
water level is at the minimum, then 
observe filter media losses at the 
maximum controlled water level (Fig- 
ure 12). Ideally, there should be mini- 
mal anthracite (or sand) loss over the 
entire controlled range. In the case 
of excessive media loss at the maxi- 
mum water level, the author recom- 
mends raising the minimum level and 
readjusting the backwash flowrate, 
so it will not 


flowrate even at the full valve open- 
ing, engineers should check for other 
possible issues. Figure 13 shows 
an example where fine dirt particles 
blocked almost 100% of the underd- 
rain distributor. 


A real-world example 
On a hot summer day in a refinery in 
Southeast Asia, an engineer tried to 
optimize the backwash flowrate for 
four identical dual-media filter ves- 
sels containing anthracite and sand. 
From a design reference book, the 
engineer found that the design back- 
wash flowrate (Qgesign) is 300 m3/h 
at 30°C. This water-treatment plant 
was suffering from high pressure 
drop across multimedia filters. 

Unfortunately, this refinery does 
not have a flowmeter for backwash 
flow monitoring, leaving this engi- 
neer no choice but to use the pump 
characteristic curve in Figure 10 and 
field pressure data to estimate the 
backwash flowrate. The backwash 
system this engineer was dealing 
with is similar to what presented in 
Figure 11. 
Practical backwash tuning. From 
Figure 10, the corresponding dif- 
ferential head (AH) for 300 m3/h of 
backwash flow is 20 m. As it was a 
hot day, the water temperature was 
approximately 30°C with water den- 
sity of 996 kg/m3. 

By applying Equation (1), the dif- 
ferential pressure target can be de- 
termined as follows: 


R discharge — Psuction = 996 kg/m? x 
9.81 m/s2 x 20m = 195,415.2 Pa 
(1.95 bars) 


This calculated differential pressure 
will be a target for the field tuning. 

To ensure the pump curve’s valid- 
ity, the engineer first confirmed with 


increase too 
much at the 
maximum 
water level. 

Recom- 
menda- 
tion 6. If the N 
backwash ee 


ae hp ee 


tuning fails 
to achieve 
the design 
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FIGURE 13. The photo shows a blocked underdrain distributor. This underdrain dis- 
tributor has water passages that are too narrrow, making it susceptible to plugging 
and extremely difficult to unblock 
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TABLE 2. TYPICAL OPERATING STEPS FOR AUTOMATIC SAND FILTERS 


Step Duration Valves open 
Service 24h 1.2 
Drain down 1,200 s 3,4 
Air scour 900 s 45 
Refill 900 s 46 
Backwash 600 s 7,8 


the refinery’s maintenance depart- 
ment that both backwash pumps 
were still in good condition. Every- 
thing from actual blade size to fail- 
ure record was thoroughly reviewed 
and accepted. Therefore, the pump 
characteristic curve illustrated in Fig- 
ure 10 should provide a good flow- 
rate estimation. 

Before commencing the backwash 
operation, the positioning bolt of the 
backwash inlet valve (valve no. 7 in 
Figure 4) was pre-adjusted at ap- 
proximately 50% of the full insertion 
length as a preventive measure to 
prevent excessive filter media loss. 

Regarding initial field pressure data, 


Valves closed Backwash Air scour 
pump compressor 
3,4,5,6,7,8 Off Off 
1,2,5,6,7,8 Off Off 
1,2,3,6,7,8 Off On 
1,2,3,5,7,8 Off Off 
1,2,3,4,5,6 On Off 


he found that Paischarge — Psuction WAS 
2.50 bars (approximately 150 m3/h 
of backwash flow), while the target is 
1.95 bars. Consequently, an instru- 
ment technician adjusted the bolt 
length so the differential pressure 
became as targeted (approximately 
1.95 bars). 

More than that, a visual check 
of backwash water also confirmed 
that the backwash flowrate was 
too low to expand the filter media, 
because the water appeared quite 
clear. Once the differential pressure 
approached 1.95 bars, a signifi- 
cant amount of sludge and silt had 
been observed in the backwash 
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water, with a negligible amount of 
anthracite. The dirty appearance 
of backwash water implied an ef- 
ficient backwash operation. It was 
also proof that the differential pres- 
sure target of 1.95 bars worked, 
although a full backwash perfor- 
mance test would still be required. 
Ensure robustness against fluc- 
tuations in the water level. On the 
day this engineer adjusted the back- 
wash flowrate, he asked the board 
operator to reduce the water level in 
the storage tank to 85%, the mini- 
mum level. 

To ensure the system’s robust- 
ness, he also monitored the back- 
wash operation when the water level 
was at 95%, the maximum level. 

As per the field monitoring, he 
found minimal anthracite in the 
backwash water, with the estimated 
backwash flowrate of 310 m3/n (or 
3% above design) using the same 
technique described earlier. Ideally, 
the maximum and minimum water 
level should be properly controlled to 
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TABLE 3. CORRECTION FACTORS FOR TYPICAL FILTER MEDIA AT 
VARIOUS TEMPERATURES 


provide consistent 
backwash flow- 


Water 1.0mm 2.0mm 0.5 mm 1.0mm rate. The authors 
tempera- anthracite anthracite sand sand , 
ture, °C recommend install- 
30 1.10 1.06 113 109 Tg a dedicated 
flowmeter for new 
75 T 100 aoe 100 units or retrofits to 
20 0.91 0.93 0.90 0.91 the existing plant 
15 0.80 0.86 0.79 0.83 for early detection 
10 0.70 0.79 0.69 073 Of any anoma- 
lies. Although it 
5 0.61 0.71 0.61 0.64 


ensure efficient backwash operation 
and minimal media loss. 

Minimize risks of media loss from 
temperature variations. At 85% 
water level and 30°C, the tuned 
backwash flowrate during the hot 
day (Quad is 300 m3/h. This system 
utilizes 1.0 mm of anthracite and 0.5 
mm of sand. 

Historically, the temperature could 
drop significantly, to 20°C (water 
density is 998 kg/m3), thus requir- 
ing a lower backwash flowrate (de- 
noted by Qooig in Figure 10). From 
Table 3, the derating factor (Cg) for 
1.0 mm anthracite is 0.91/1.10 (a 
ratio between correction factors at 
20°C and 30°C, highlighted in blue 
in Table 3) or 0.83. In the same fash- 
ion, Cg for 0.5 mm sand is 0.90/1.13 
(highlighted in green in Table 3) or 
0.80. 

The authors recommend using the 
lower Cg for correction to minimize 
the risks of filter media loss. From 
Equation (2), Qegiq can then be cal- 
culated as follows: 

Qoolg = 0.80 x 300 m3/h = 240 m3/h 

From the pump characteristic 
curve in Figure 10, the correspond- 
ing AH for cold season (denoted by 
AHcoig in Figure 10) is 22.0 m water. 

Thus, Paischarge ~ Psuction = 998 
kg/m8 x 9.81 m/s2 x 22.0m = 
215,388.4 Pa (2.15 bars) 

When the water temperature is 
20°C, one can use 2.15 bars pump 
differential pressure as a first guess, 
then observe the actual backwash 
performance and adjust as needed. 


Final recomendations 

For poorly designed or existing sys- 
tems where no flowmeter is available 
for backwash flow monitoring, the 
outlined tuning technique has been 
proven to be highly effective and 


still requires a field 
check to ensure 
problem-free backwash operation, 
the proposed technique is nonethe- 
less useful to verify the accuracy of 
a flowmeter. 

Create a transparent logging sys- 
tem to ensure everyone involved in 
process monitoring can track the 
status of valve maintenance. For ex- 
ample, the unit engineer can create 
a dedicated section in the shift re- 
port for any critical valves currently 
under maintenance. 

Communicate with all instrument 
technicians to ensure they fully un- 
derstand the effects of positioning 
bolts on filter operation. For trouble- 
some clarifiers, where sludge carry- 
over is frequent, the authors recom- 
mend setting the backwash flowrate 
at 10% above the design value to 
handle potential clarifier upsets. 
One may consider installing a real- 
time sludge level detector for better 
sludge level monitoring. 

Create a task for a field operator 
in charge to monitor the backwash 
operation, at least once a month for 
every filter. 

Seasonally or quarterly, conduct 
backwash performance evaluation. 
The optimal backwash flowrate for 
each season should be appropriately 
documented for future reference. Be 
careful when extending the time interval 
between each backwash, for example, 
from 24 to 36 hours, as trapped flocs/ 
particles will become more difficult to 
remove. A backwash flowrate or dura- 
tion should be adjusted accordingly to 
ensure efficient backwashing. 

The same tuning technique can 
also be applied to other systems with 
similar configurations, such as acti- 
vated carbon filter or sand filters in 
wastewater treatment units. E 
Edited by Scott Jenkins 
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Thermal Drying 
of Sewage 
Sludge 


Buss-SMS-Canzler Thin 
Film Dryers: simple, 
reliable, safe 


Myron L Company... 


Fy person contributes 80-100 kg 
Ross Mixers 


per year to the municipal sewage 
sludge volume. Environmental require- 
ments and legislation push to dry more 
and more of that sludge. But removal of 
water makes the sludge very sticky de- 
pending on the dry substance content. 
The operating principle of Buss-SMS- 
Canzler Thin Film Dryers enables to 
handle the sludge in the entire concen- 


Smart and rel lable valve automation tration range up to full dryness without 


back mixing of dry sludge. SMS' Thin 


ALMAS high-performance PROFOX actuators combine SA Se ee 
utmost reliability with outstanding ease of use cial shut down/start up preventions nor 
feed conditioning measures are neces- 
UMA PROFOX actuators ensure reliable actuator series only last year. Providing sary. The dryer “takes what comes” and 
chilled water supply in the district cool- fast and precise positioning, great flexibil- proves its big flexibility regarding feed 
ing network of Qatar Cool, one of the lead- ity and an excellent cost-benefit ratio, the material quality. Its design has been 
ing district cooling suppliers in the Middle high-performance, compact actuators are optimized and integrated into thin film 


East. The PROFOX actuators 
replace actuators of a different 
brand which, although only a 
few years old, did not stand up 
to the process conditions. 
PROFOX actuators proved 
to be the perfect solution for 
the challenging requirements 
of Qatar Cool, thanks to their 
high-quality, high-precision 
mechanics and their innova- 
tive design. A key benefit for 
the customer is easy operation 


dryer systems. The entire process is 
completely safe. 

The thin film principle leads to very 
small product hold-up and fast reac- 
tion time on control parameter changes 
whilst the outlet sludge is of uniform 
and constant quality in form of gran- 
ules. So the thin film dryer provides 
very good conditions for integration 
into incineration plants. 

The internal rotor system with re- 
movable wiper blades makes the dryer 
self-cleaning and highly reliable. More 


of the actuators via Bluetooth, than that, wear zones are well defined, 
using the AUMA Assistant App. This means suitable for all industry sectors, including and preventive maintenance is predict- 
that the actuators can be easily operated water treatment, combined heat and power able in time and costs. 
locally, even though they are installed at a plants, district heating and cooling, process The Buss-SMS-Canzler thin film dry- 
height that is difficult to access. In addition, industries, and shipbuilding. Innovative ers are available for steam or oil heat- 
the FOX-EYE indicator light clearly shows diagnostics and flexible interfaces future- ing and can evaporate up to 9 to/h of 
the actuator status, even from a distance. proof PROFOX for IloT applications. water in 1 machine. 

AUMA launched the PROFOX electric www.auma.com www.sms-vt.com 
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The advantages of VEGA sensors for water and 
wastewater reveal themselves in the details. And 
deliver a convincing performance in their entirety. 


poran in the water and wastewater industry, it’s worth taking 
a closer look at the subject of level and pressure measurement. 
If you examine an 80-GHz radar sensor from VEGA yov’ll come 
across features that, when compared to previously widespread 
measuring principles such as ultrasonics, are convincing in every 
respect. 

The family-owned company with more than 1,600 employees 
worldwide has developed a product series that is exactly right for 
the tough requirements of the industry. It includes intelligent elec- 
tronics and a sensor design that are the result of decades of re- 
search and experience. Good for the water/wastewater industry: 
Extremely short signal propagation times can be calculated with 
high-frequency signals. The sensors measure without effect from 


temperature, pressure or vacuum. They are unaffected by dirt and 
contamination and measure with millimeter precision right up to 
the antenna, which means no blocking distance. They are safe and 
reliable and remain that way over long periods of time — even if they 
are flooded. 

Simple, durable and customer oriented: These keywords de- 
scribe the path VEGA has taken for its sensor portfolio, but also for 
its collaboration and partnership with customers. The instruments 
are characterized by fast setup, flexible connection options and in- 
tuitive operation. 

VEGA combines traditional level and pressure measurement 
with the digital world. Today, both legal regulations and environ- 
mental conditions demand even greater reliability, accuracy and 
faster reaction times, and VEGA 
utilizes systems that enable fast 
and flawless connection. The 
Bluetooth function integrated 
in all sensors allows remote ad- 
justment — via mobile phone or 
tablet. There’s no easier way for 
secure measured values to get 
from A to B. www.vega.com 


900 Series industrial monitor/controller 


ater quality testing requirements are diverse and complex. 

Regardless of the application the quality of the water is a 
make-or-break, critical characteristic that determines success or 
failure. The kind of instrumentation needed to meet the needs of 
this exacting array of uses must be reliable, accurate, simple to 
use, and also must be very flexible. 

The 900 Series’ suite of signal inputs can be configured to dis- 
play a variety of measurement types: Conductivity, Resistivity, 
Salinity, TDS, pH, ORP, Temperature, mVDC, Flow, Pulse and % 
Rejection are all available. The 900 Series also includes a 4 to 20 
mA current loop, two-wire transmitter input that can be defined 
and scaled to display measurements how you need them dis- 
played. The instrument’s display can show from 1 to 4 of these in- 
puts simultaneously, or constantly cycle though a series of single 
measurements. 

The 900 Series’ outputs also provide flexibility. Standard out- 
puts include a 0-10 VDC recorder output and a single alarmable 
relay output. Optional output card adds a 4-20 mA current loop 
output, an RS-485 digital data output and two additional alarm- 
able relays. Alarm status is clearly displayed with attention getting 
alerts. 

This is the ideal monitor/controller for the widest range of water 
related applications: agriculture, municipal water treatment, re- 
verse osmosis, pharmaceuticals manufacturing, food and beverage 
production, desalinization, waste water management, pool and spa 
treatment, paper and pulp manufacturing; to name just a few. 

The Myron L® Company goo: A high level performer for applica- 
tions where high level performance is an absolute requirement. 

www.myronl.com 
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Plastic Control Valves Handle Corrosive Chemicals 


Collins 2-in. valves and actuators are specially designed to handle corrosive fluids — acids, 


bleaches, chlorine, pH control — and aggressive environments 


Eoi Instrument Company’s line of 
economical 2-in. flanged plastic control 
valves handle corrosive liquids including 
hydrochloric acid, caustic, sulfuric acid, and 
many others. With bodies of either PVDF 

or polypropylene, these highly-responsive 
control valves are specifically designed for 
use with corrosive media and/or corrosive 
atmospheres. 

Suitable for applications in numerous in- 
dustries, including chemical, petrochemical, 
pulp and paper, and municipal, these valves 
are extremely corrosion-resistant, and fea- 
ture fast-acting positioning (stroke rate 
approximately +/2in./s). They are available 
with a wide selection of trim sizes, in globe, 
angle, and corner configurations. 

The differential-area piston eliminates 
the necessity for auxiliary loading regula- 
tors. All actuator parts apart from the inte- 
gral positioner are molded of glass-filled, 
UV-inhibited polypropylene. Before ship- 
ment, the aluminum positioner and a por- 
tion of the cylinder are immersed in Dip 
Seal to provide atmospheric protection. 


Plastic valves and actuators from Collins 


The integral positioner eliminates the need 
for external linkages which are subject to 
corrosion and malfunctioning. Valves may 
also be furnished without a positioner for 
on/off applications. 

Collins also offers a plastic pneumatic 
actuator. The combination of a plastic ac- 
tuator and a plastic valve body provides an 
effective way to handle both corrosive ma- 
terials flowing through the valve, and harsh 


environments that can attack the outside 
of the valve and actuator. Collins plastic 
control valve packages withstand salty ma- 
rine atmospheres as well as industrial en- 
vironments that are too corrosive for metal 
valves and actuators. 

Collins actuators incorporate a unique 
internal locking ring to attach the cylinder 
to the yoke. A semicircular groove is ma- 
chined inside the lower edge of the cylin- 
der, and a matching groove cut in the yoke. 
When the yoke and cylinder are assembled, 
a flexible polypropylene rod is inserted into 
the groove through a slot in the side of the 
cylinder, securing the two sections together. 

Along with its corrosion resistance the 
Collins control valve features a stem pack- 
ing arrangement that virtually eliminates 
the problem of fugitive emissions, thereby 
protecting the environment. 

Located on the Texas Gulf Coast in 
the town of Angleton, Collins Instrument 
Company has been serving the chemical 
and petrochemical industry for over 
65 years. www.collinsinst.com 


Static mixers with low pressure drop 


Ross LPD Low Pressure Drop Static Mixers are ideal for effective fluid mixing in water and 
wastewater treatment processes 


he Ross Low Pressure Drop (LPD) Static 
Mixer enables more efficient dosing 
of flocculants, disinfectants, neutralizing 


Four or six mixing elements are usually 
more than sufficient for effective mixing 
under turbulent flow conditions, Ross says. 
Diameters range from 1in. through 48 in. 


agents and pH conditioners into a water 
stream. This simple-to-install heavy-duty 
device completely mixes treatment chemi- 
cals within a short length of pipe. When 
used in conjunction with automated instru- 
mentation, the LPD delivers predictable 
quality control based on a virtually mainte- 
nance-free operation. 

The LPD Static Mixer consists of a series 
of baffles or “elements” discriminately posi- 
tioned in series. Each element comprises a 
pair of semi-elliptical plates set 90 degrees 
to each other. The next element is rotated 
go degrees about the central axis with re- 
spect to the previous baffle set, and so 
on. For even lower pressure drop, an LLPD 
model is also available, in which the plates 
of each element are oriented at 120 degrees 
relative to each other. 

As the fluid moves through each LPD 
or LLPD element, flow is continuously split 
into layers and rotated in alternating clock- 
wise and counterclockwise directions. 
This method of subdividing the stream 
and generating striations leads to highly 
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efficient and repeatable mixing with mini- 
mal pressure loss. During turbulent flow, 
the baffles enhance the random motion 
of molecules and the formation of eddies. 
In most water and wastewater processes, 
four or six elements are more than suf- 
ficient to completely disperse treatment 
chemicals and create a very uniform solu- 
tion or suspension. 

Small LPD/LLPD mixers of 1in. through 
2.5 in. in diameter are welded to a central 
rod, while larger elements are welded to 
four outside support rods for maximum 
rigidity and stability. Available in a wide 
range of sizes up to 48in. in diameter, these 
mixers can be supplied as pipe inserts or as 
complete modules with housing and injec- 
tion ports. 

In addition to Static Mixers, Ross also 
manufactures High Shear Mixers and Multi- 
Shaft Mixers used in the production of 
water treatment chemicals. The company 
offers no-charge mixer testing services and 
an extensive trial/rental program. 

www.mixers.com 
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Intelligence 


with the ANDAITZ intelligent filter press 


fficient filtration is an essential pro- 

cess step in the chemical industry if 
you want to guarantee consistently high 
product quality — and the filter press 
is one of the most common products 
used in this step. International technol- 
ogy group ANDRITZ has combined its 
proven filter press automation solutions 
with Industrial Internet of Things (IloT)- 
technologies to create new mechanisms 
and features that promise an increase in 
product quality and a decrease in operat- 
ing costs — creating the Intelligent filter 
press. 

The intelligent filter presses’ key dis- 
tinguishing features include monitoring of 
dry substances, oil and filtrate quality, as 
well as cloth washing and process depen- 
dent closure pressure monitoring. With 
these, operators are enabled to increase 
efficiency, reduce downtime, and enhance 
safety and monitoring functions. This is 
achieved by uniting Metris addlQ, a mod- 
ular, PLC-based control system, with an 
intelligent filter plate, Smart Sensors, and 
other smart modules. Important operat- 
ing data, like feed pressure or feed flow, 
are collected by the Metris addlQ control 
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system, with intelligent algorithms moni- 
toring deviations from nominal values, fa- 
cilitating preventive maintenance and risk 
mitigation at an early stage. This always 
keeps the plant operators informed on the 
status of the filter press, 24/7, around the 
globe. 


Lowered operating risks, and high 
rewards 


With Smart Sensors positioned inside 


the filter press during the process, the op- 


erator is enabled to stop filtration at the 
ideal time and reduce fluctuations in the 
cake moisture content. Additionally, con- 
stant measurement of the oil levels and 
oil quality, ensure smooth operations and 
reduce OPEX by avoiding unnecessary 
oil changes. Damage to the equipment 
is also prevented by ensuring lubrication 
stays at a functional level. The reward of 
reduced OPEX and higher yield comes 
with another benefit: the filter press can 
be shut down automatically in case of a 
loss of pressure — massively increasing 


operating safety. With our extensive expe- 


rience paired with innovation and digitali- 
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zation to deliver improvements precisely 
where they are needed, ANDRITZ is your 
partner helping you to profit from the op- 
portunities that come with Industry 4.0 
www.andritz.com/separation 
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No need to warm up to ride the biodiesel market 


Using advanced processing technologies support the 


conversion of biorefineries 


ji convert existing oil processing plants in order to create com- 
petitive biodiesel production facilities, it is extremely important 
to select the right processing equipment, such as purification units. 
Advanced technologies can help companies to maximize through- 
put, product quality and biodiesel recovery rates, optimizing plant 
productivity while improving the sustainability of alternative fuel 
manufacturing. 

The growing demand for bio-based fuels is opening new doors 
for established industry players in the oil processing sector, as they 
can use their existing resources to enter the biodiesel sector. The 
fuels are produced by processing a wide range of renewable re- 
sources, such as animal fats, vegetable oils or used cooking oil. 

Independent of the chosen feedstock, biodiesel is generally 
produced via transesterification of triglycerides in the presence 
of alcohol, alkaline or enzyme catalysts. This reaction leads to the 
production of fatty acid methyl esters (FAME) —i.e. biodiesel -, to- 
gether with heavier components (heavies) and impurities, such as 
sulfur, fatty acids and particularly monoglycerides. 

After this process, the purification of FAME to remove unwanted 
chemicals is an essential step. This increases the quality of the end 
product, enhancing its properties as a fuel. High-purity biodiesel 
shows a typical transparent appearance as well as extremely low 
cloud and pour points. 


The key elements of successful biodiesel purification 
These physicochemical properties of biodiesel make the bio- 
fuel suitable to meet even strict winter-grade specifications, allow- 


ing users to blend it with 
conventional, mineral 
diesels for use in colder 
regions. Achieving a high separation performance is therefore ex- 
tremely important for businesses interested in offering competitive 
winter-grade biodiesel that can be sold in the European and North 
American markets. 

Purification units should also be energy efficient in order to de- 
liver more sustainable and cost-competitive biofuels while reducing 
the environmental footprint of a facility. Finally, the systems should 
be able to recover most of the FAME, minimizing their content in the 
waste streams. This is key to optimizing resource utilization and 
running costs. 

In order to overcome these challenges, companies interested in 
producing biodiesel should select state-of-the-art separation sys- 
tems. A high-performance single distillation column that operates 
at low temperature and under high vacuum conditions is generally 
the most effective solution. It allows manufacturers to remove most 
of the monoglyceride and sulfur content, reaching levels below 
0.2% w/w and 15 ppm respectively, and obtain high-purity FAME 
while limiting the equipment footprint. 

In such a setup, structured packing, such as Sulzer’s 
MellapakPlus™, should be preferred for the distillation columns. 
This is particularly well suited for the vacuum conditions required 
while maintaining low pressure drops. Furthermore, it can fit a high 
number of theoretical stages in a reduced space, minimizing the 
overall capital expenditure. www-.seltzer.com 


Solidification & cooling systems 


from one source 


Berndorf’s process equipment is the flexible solution for the 


chemical industry 


ollowing the demands of the market the total solution provider, 

Berndorf Band Group made a transformation from a component 
manufacturer to a complete system supplier. With the business field 
process equipment, steel belts, steel belt coolers and feeding de- 
vices are combined to build an all-in-one solution for customers and 
their processes in chemical, petro chemical and sulphur industry. 

Different material’s compatibility, corrosion and deformation are 
daily issues in the production of chemical end products. Thanks to 
their long years of experience and expertise in steel belt manufac- 
turing, Berndorf Band Group steel belts satisfy all demanding re- 
quirements during the production processes of chemicals. With the 
multiple years of expertise, the Berndorf Band Group has expanded 
its portfolio and offers complete solidification and cooling system 
solutions for these industries. To meet all different process require- 
ments of the industries a wide variety of feeding devices has been 
developed. The versatile application possibilities enable the pro- 
duction of materials from low to high viscosities and a melting tem- 
perature of up to 250 °C (482 °F). 

The wide portfolio of berndrop® pastillation systems gives the 
customer the possibility to have the perfect feeding device for their 
product and process. The process itself is environmentally friendly 
and can easily be adapted to meet from low to high capacity re- 
quirements. The result are always uniform pastilles in the desired 
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size dust free ac- 
cording with premi- 
um quality. 

Beside pastilles, 
there is also the 
possibility to pro- 
duce stripes, sheets 
or flakes. For such 
cases the bernflow® 
feeding device is the 
right solution. The material is fed continuously in sheet form onto 
the steel belt surface. At the discharging side a pin breaker crushes 
the product into flakes. 

With their global research & development centers Berndorf 
Band Group offers their customers individual production tests to 
optimize their processes supported by specialists in these fields. 
Customers will so be able to see the advantages of Berndorf’s pro- 
cess equipment at their closest location. The cooperation between 
Berndorf Band Group and their customers does not end with the 
delivery of the machine. The all-in-one supplier builds on long-term 
partnerships and supports their customers with a worldwide ser- 
vice team to solve every problem on site. 

www.berndorfband-group.com 
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IPCO: Resin 
solidification 
expertise built 
on decades of 
experience 


s a company whose relationship with 

the chemical industry extends back to 
first half of the last century, IPCO can offer 
unparalleled experience in the cooling and 
solidification of melt products in general, 
and resins in particular. 

These include our flagship Rotoform sys- 
tem, capable of handling an exceptionally 
wide range of resins including high viscosity 
products (from 10-40 000 mPas), products 
with high feed temperatures (up to 300 °C), 
and those kinds of resins that require par- 
ticular treatment during cooling. 

Today IPCO offers a choice of two granu- 
lation systems — flaking and pastillation — 
both based on the proven performance of 
our steel belt technology. These efficient 
and economical processes are suitable for 
all resin products (pure/modified, unfilled/ 
with filling materials) including: 

Acrylic resin. 

Tall oil resin (colophony). 
Epoxy resin. 

Gum resin. 

Hydrocarbon resin. 
Phenolic resin (Novolake). 
Polyamide resin. 
Polyester resin. 

Silicone resin. 

Modified resins. 

In the portfolio, a range of feeding de- 
vices to process resins with very different 
viscosities. All are designed to minimize con- 
tact between the product and atmospheric 
oxygen and to ensure that no air bubbles are 
added, eliminating any risk of degradation of 
the resin in the feeding device. 

The company's Rotoform system has 
proved itself over many years to be the 
ideal process for the granulation of resin 
products, delivering a superior quality end 
product regardless of the properties of the 
material being processed. 

It is used for a wide range of resin types 
— for many it has become the default pro- 
cessing solution — and offers several signifi- 
cant benefits: 

e From melt to pastilles in one operation 

e Ability to process and solidify sticky and 
highly viscose resins 

Uniform, hemispherical pastilles — no 
need for breaking/grinding equipment 
Environmentally friendly production — vir- 
tually no exhaust air pollution 

Easy changeover to different products or 
pastille sizes www.ipco.com 
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EKATO — Your Partner to bring 
Advanced Plastics Recycling to 


Commercial 


Plastic pollution — nowadays having a 
tremendous public awareness — has E 
raised the demand for new and efficient HE 


recycling processes 


hemical plastic recycling, also called 

advanced recycling, refers to several 
different technologies that convert used 
plastics into their original building blocks, 
feedstocks for new plastics or other valu- 
able products. The aim is always to split the 
polymer chains into shorter hydrocarbons, 
which is achieved with the help of either 
heat, catalysts, solvents, water or UV-light. 


EKATO’s process plants section 
is specialized to help grow these 
new processes to commercial 


Besides customized assistance to solve 
problems and optimize processing solutions 
EKATO is in the position to perform labora- 
tory and pilot plant investigations. A main 
challenge in the development of any chemi- 
cal plastics recycling process is the scale- 
up. Here EKATO’s long-term experience in 


process in- 
dustry —in 
most differ- 
ent processes 
all around 

the agitated 
reactor — is 
the basis fora 
successful de- 
velopment together with the corresponding 
partner who owns the process. 

EKATO’s process plants department is in 
the position to realize plastics recycling proj- 
ects with extreme short time-to-market. As 
process design, engineering, complete pilot 
plants or even commercial modular skid- 
mounted units can be provided out of one 
hand, EKATO is the one stop shop solution 
for partners who intend to rapidly bring their 
environmental-friendly plastics recycling pro- 
cess to commercial scale. www.ekato.com 


EKATO Pilot facilities allow 
safe and robust scale- 
up to production size 


Tradition and Innovation in 


pumps design 


AAG Group is the pioneer in manufac- 
turing magnetically driven, positive- 
displacement gear pumps. 

Engineered and manufactured to preci- 
sion, our pumps are capable to handle the 
world’s most challenging application re- 
quirements. Our latest innovation for the 
Industrial segment: 

The MAAG Dosix 14 series micro pumps 
for dosing precision in chemical applications. 
MAAG dosix™ is a highly accurate, low pul- 
sation stainless steel pump designed for 
corrosion resistance. Stainless steel shafts 
and slide bearings made of SsiC, ZrO2 or 
Synthetic Carbon are used for thin liquids 
and low-viscosity media assuring a high level 
of durability and performance. 

MAAG Quick Cleaning™, a revolu- 
tion in cleaning, Improved production and 
maintenance. 

Designed for frequent product change- 
overs, the innovative design simplifies 
cleaning and product change-over in in- 
dustrial pump applications. The Quick 
Cleaning™ kit is ideal for production facili- 
ties with a regular need to clean and wash 
the transfer line at the end of each pro- 
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duction batch for 
the application of 
additives etc. The 
pump can be disas- 
sembled quickly without the need to disas- 
semble the drive shaft from the drive motor 
and the seal. 

MAAG Brain, Control and monitoring of 
the pump S functional parameters at ease 

Maximizing uptime and efficiency is 
key to every process, this new stand-alone 
monitoring system “MAAG Brain” is a step 
forward in the world of Industry 4.0 and 
Internet of Things (loT). The performance 
of the pumps can be analyzed and con- 
trolled with a dedicated and customizable 
algorithm; even remotely without the need 
for physical on-site presence. With MAAG 
Brain, customers can control the functional 
parameters, such as: pump pressure, tem- 
perature, flow rate and vibration 

At MAAG, we strive to keep up with 
changing customer needs and demands 
with our ever-evolving product portfolio. 
Our team of experts is available to provide 
prompt support to our customers with opti- 
mized solutions. www.maag.com 
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Quick Change Feeders Offer Processors Maximum 


Flexibility 


iederlenz, Switzerland (August 2021): 

Coperion K-Tron’s Quick Change feed- 
ers are specially designed for applications 
requiring the maximum possible material 
handling and changeover flexibility along 
with the convenience of fast cleaning capa- 
bility. The feeders offer ease of change from 
single screw feeding bowl and screws to 
twin screw feeding bowl and screws in just 
minutes, allowing one feeding station to 
handle a wide variety of materials. The T35/ 
S60 Quick Change Feeders are available in 
economical volumetric or high-performance 
loss-in-weight configurations. The feeder 
bowl can be quickly decoupled from the 
feeder drive, enabling simple and fast prod- 
uct changes. All twin and single screw feed- 
er models can be interchanged on the same 
base, reducing cost and increasing flex- 
ibility in formulation. The modularity of the 
Quick Change feeders also offer the flex- 
ibility to reconfigure or expand a production 
line at a future date. 

Single screw feeding elements handle 
free flowing powders, granules, pellets and 
other non-flooding materials, while twin 
screw elements control floodable powders 


and more difficult, sticky or hard-to-flow 
materials. All parts in contact with the ma- 
terial being fed are stainless steel. 

Easy cleanability and changeover: Any 
kind of cleaning solvent can be used on the 
stainless steel Quick Change feeders. They 
can be quickly cleaned and changed from 
single screw to twin screw to handle pow- 
ders, fibers and other hard-to-feed mate- 
rials. Unlike easy-to-clean stainless steel 
Quick Change feeders, the vinyl liners of 
flexible walled feeders can stain and tear, 
requiring the purchase of three to four new 
liners per year. 

Value/ Return on investment: While flex- 
ible walled feeders may have a lower initial 
purchase price than the all stainless steel 
Quick Change feeders, the higher cost of 


(coperion 
K-TRON 


maintenance (replacing stained or torn lin- 
ers) adds to the purchase price consider- 
ably and erases any initial price differential. 

Excellent accuracy/ flexibility to han- 
dle a variety of materials: Improved mate- 
rial handling for a wide range of materials 
via the use of either single or twin screws 
on the same feeder base combined with 
Coperion K-Tron’s highly accurate patented 
SFT weighing technology produce excellent 
short-term feeding accuracy, particularly im- 
portant on short custom runs. 


Benefits: 

e Maximum material handling capability 
and conversion flexibility 

e Fast and easy changeover, disassembly 
and cleaning 

e Convenient for remote wet washdown 

e Minimizes installation cost and process 
downtime 

e High feeding accuracy with gravimetric 
models 

www.coperion.com/feeders 


Special Control Valves and Actuating Systems 


ELLAND & TUXHORN is your reliable 

partner for Special Control Valves in 
power plants, industrial plants and chemi- 
cal/petrochemical plants, such as: HP- and 
LP- turbine bypass systems, turbine emer- 
gency stop valves, turbine control valves, 
steam conditioning valves, feedwater con- 
trol valves, minimum flow control valves, 
cooling water injection valves, boiler start 
up valves, boiler blow down valves, desu- 
perheater systems, hydraulic and pneumat- 
ic actuating systems. 

WA&T supports the customer to reduce 
CO, by process optimization. The company 
is distinguished by know-how, persistence, 
openness to new assignments and the high- 
est developmental and quality standards, 
which makes the products equally well- 
known, both domestically and abroad. 

Research and development co-operation 
with scientific and technical institutes cre- 
ates new theoretical knowledge which is 
used directly in production, and in optimiz- 
ing valves currently available. 


PRECISION & PROGRESS: First- 
class in quality and long life 


For over 100 years, the highest degrees 
of precision, quality workmanship and long 


useful life have defined the product devel- 
opment and production. The robust, im- 
pervious and solid construction assures 
optimal performance and availability. 

The consistently high degree of product 
quality is a result of solid concepts. In addi- 
tion, a well-thought-out chain of quality as- 
surance measures ensure the long service 
life of the products. Ongoing supervision 
of technical drafting designs, manufactur- 
ing inspections, strict testing of materials, 
as well as thorough documentation of the 
pressure and leakage tests: these are only a 
few examples of strict quality standards at 
Welland & Tuxhorn. 

The long-standing quality assurance 
and quality management system, certified 
according to DIN ISO 9001 and other inter- 
national guidelines, guarantees highest 
product quality. W&T is regularly inspected 
by renowned inspection agencies and is in 
compliance with all regulations. 


TAILOR-MADE SOLUTIONS: Safety 
for all projects. 

The cutting-edge and highly-specialized 
engineering and production enable W&T to 
achieve a high level of quality in their fit- 
tings. Each and every design concept takes 
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the individual custom- 

er’s specifications into 

account. 

The newest tech- 
nologies and a highly- 
qualified team provide 
the optimal prereq- 
uisites for individual 
special made-to-or- 
der and low-volume 
production. 

W&T service 
guarantee: 

e The high level of 
quality and func- 
tional standards of 
“Made in Germany” 
products. 

e Consistent focus of 

the processes to- 

ward customer solutions within this spe- 
cialized market. 

Comprehensive know-how in the fields 

of steam control and conversion. From 

valves (including actuators) to switches, 

to peripheral circuit systems — W&T cre- 
ates the overview! 
www.welland-tuxhorn.de 
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Economic Indicators 


2019 sa 2020 s 2021 =m 
Download the CEPCI two weeks sooner at www.chemengonline.com/pci 


CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI) 700 


June’21  May’21 June’20 : 
(1957-59 = 100) wo So e a | os 
CE Index 702.3 686.7 591.1 2013 = 567.3 ak 
Equipment 869.8 848.5 T157 2014 = 576.1 
Heat exchangers & tanks 747.6 726.6 610.6 
Process machinery 876.9 862.9 719.0 2015 = 556.8 625 
Pipe, valves & fittings 1195.9 1160.6 934.2 2016 = 541.7 
Process instruments 521.8 507.5 411.8 600 
Pumps & compressors 1125.8 1115.6 1084.1 2017 = 567.5 
Electrical equipment 609.8 601.0 561.3 2018 = 603.1 
Structural supports & misc. 940.0 915.0 764.7 575 
Construction labor 343.1 341.7 335.5 2019 = 607.5 
Buildings 763.9 739.2 591.3 2020 = 596.2 550 
Engineering & supervision 311.2 310.4 313.0 
Starting in April 2007, several data series for labor and compressors were converted to accommodate series IDs discontinued by the 525 


U.S. Bureau of Labor Statistics (BLS). Starting in March 2018, the data series for chemical industry special machinery was replaced 
because the series was discontinued by BLS (see Chem. Eng., April 2018, p. 76-77.) 
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CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEAR AGO 

CPI output index (2017 = 100) dul 2T = 98:3 dun.'21 = 95:0 May'21 = 95.0 Jul.'20 = 90.0 
CPI value of output, $ billions Jun.'21 = 1,937.6 May'21 = 1,761.8 Apr.'21. = 1,761.8 Jun.'20 = 1,589.4 
CPI operating rate, % Jul.'21 = 78.4 dial = 756 May'21 = 75.6 0. RL 
Producer prices, industrial chemicals (1982 = 100) BIT S = 3162 Jun.'21 = 240.0 May'21 = 240.0 Jul.'20 = 218.2 
Industrial Production in Manufacturing (2017 =100)* Jul.'21 = 99.5 Jun.'21 = 96.8 May'21 = 96.8 Jul.'20 = 92.7 
Hourly earnings index, chemical & allied products (1992 = 100) Jul.'21 = 196.1 Jun.'21 = 194.3 May'21 = 194.3 Jul.'20 = 189.8 
Productivity index, chemicals & allied products (1992 = 100) Jul.'21 = 94.6 dil = 921 May'21 = 92.1 Jul.'20 = 89.1 


CPI OUTPUT INDEX (2017 = 100) CPI OUTPUT VALUE sitions) CPI OPERATING RATE œ 
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JFMAM J J AS ON D JeFPMAM IJ AS ON D JFMAM J JA SOON D 
*Due to discontinuance, the Index of Industrial Activity has been replaced by the Industrial Production in Manufacturing index from the U.S. Federal Reserve Board. 
tFor the current month’s CPI output index values, the base year was changed from 2012 to 2017 
Current business indicators provided by Global Insight, Inc., Lexington, Mass. 


CURRENT TRENDS 


Ithough the final May value for 

the CE Plant Cost Index (CEPCI; 
top) was revised slightly lower than 
its original number, the preliminary 
value for the June 2021 CEPCI (the 
most recent available) is once again 
higher than the previous month, 
continuing the streak of month-by- 
month increases since the beginning 
of the year. In June, all four major 
subindices — Equipment; Buildings; 
Construction Labor; and Engineer- 
ing & Supervision — saw upticks 
for the June preliminary data. The 
first two saw larger gains, while the 
latter two saw small ones. The cur- 
rent CEPCI value now sits at 18.7% 
higher than the corresponding value 
from June 2020. 


